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EXECUTIVE SUMMARY

Objectives of the study:

1. 'determine temporal aspects of species composition, abundance

and biomass of macroinfaunal and macroepifaunal assemblages located

in areas where impact on these groups of organisms by proposed

dredging activity in Grays Harbor may occur;

2. evaluate similarities and differences in assemblages of site

within the estuary; and

3. suggest possible means to mitigate adverse effects of the

proposed dredging on benthic invertebrate assemblages.

Intertidal:

1. In general, species diversity increased with decreasing

elevation, and from the inner to the outer harbor. Abundance of

invertebrates was highest at the Marsh Establishment site during

spring and highest at the Cow Point site during other seasons.

General abundance of invertebrates was highest in summer and lowest

in spring. Biomass, including infaunal and epifaunal invertebrates,

was highest at the Cow Point site, and lowest at the Cosmopolis

site during all seasons. When epifauna are excluded, invertebrate

biomass was highest in spring and lowest in summer. Annelid worms

were the most important faunal group, by number, at every site.
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2. Three species (Manayunkia aestuarina, Corophium spini-

corne, and C. salmonis) dominated invertebrate assemblages.

Salinity, elevation, and sediment type were all important in

determining dissimilarity between stations and site-. The affect

of these three physical parameters on these three species accounted

for most of the dissimilarity observed between sites and stations.

Subtidal:

1. Diversity values increased from East to West in the

e-stuary. Diversities on the channel bottom and channel side varied

with season and showed no consistent pattern. Overall diversity

values were lowest in spring and highest in autumn. Cosmopolis

site had the highest abundance of invertebrates during all seasons.

Deepwater Disposal site and channel bottom at the Moon Island site

had consistently low abundances of invertebrates. Total biomass of

invertebrates, including epifauna was highest at the South Jetty

site and Cosmopolis Channel site side station. If epifauna are

excluded, no clear special trends in biomass are evident. Total

biomass was highest in winter and lowest in summer.

2. There were two major site groupings, inner harbor sites

and outer harbor sites. Greater variation occurred in subtidal

sites than intertidal sites. The Top of the Crossover Channel

site was on the boundary between these groupings. Stations from

this site were found in both groups. Variance in assemblages

among the sited increased during summer and decreased during winter.

p i. . . . . . ... ... .. . . . .. . .. . ... .. . . . . .. . . . . .



Changes associated with increased freshwater flow from the Chehalis

River may account for this.

3. Several "opportunistic" invertebrate species inhabit

Grays Harbor. These species may quickly colonize a disturbed area

if dredging takes place during late winter and early spring, before

the onset of increased breeding activity.
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ABSTRACT

Benthic invertebrate assemblages at five intertidal and

seven subtidal sites in Grays Harbor, Washington, were assayed

with special emphasis on benthic macroinfauna. Quantitative

samples were taken seasonally at all sites, and often at several

elevations within sites. Invertebrate assemblages were recorded

for each season, and Shannon-Wiener diversity values were calcu-

lated. Intertidal diversity values generally increased with de-

creasing elevation. No clear seasonal patterns of change in

diversity at each elevation were evident. However. lowest diversity

values occurred at Cosmopolis (the least saline site) while the

most oceanward intertidal site (Moon Island) had generally high

diversity values. Subtidal diversity values generally increased

from the inner harbor to the outer harbor.

Organisms characteristic of the inner harbor included

Manayunkia aestuarina, Corophium spinicorne, C. salmonis, C. brevis,

Gnorimosphaeroma luteum, Streblcspio benedicti, Macoma balthica and

Oligochaetes. Species characteristic of outer harbor stations were

Paraphoxus milleri, Magelona sacculata, Armandia brevis, Archaeomysis

grebnitzkii, Ophelia limacina, Scoloplos armiger and Tellina nuculoid

Cow Point and the highest observed total biomass of any

intertidal site. Total biomass of infauna at subtidal sites

showed no clear trend with respect to position in the estuary.
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Multivariate analysis of the data was used to produce

dendrograms of seasonal changes in invertebrate diversities on

intertidal and subtidal sites. Salinity, elevation and sediment

type are all important in determining community structures of in-

vertebrates on intertidal sites. Subtidal stations generally had

greater variation in assemblages than intertidal stations at the

same site. Subtidal stations possessed more unique benthic communi-

ties tnn intertidal stations.

Probable impacts on benthos from widening and deepening are

presented. We do not expect fauna in the channel to be totally

eliminated by dredging. After dredging, we expect recolonization

to occur. One and six-tenths hectares of intertidal habitat will

be converted to subtidal habitat by dredging. Unquantified loss

of shallow subtidal habitat is more significant. Mitigation of

impacts to the benthos may be achieved by dredging in late winter

or early spring: February thru April. This is based on the con-

clusion that large numbers of juveniles entering the system in

spring would quickly colonize exposed sediments.
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INTRODUCTION

Grays Harbor is the third largest estuary in the Pacific

Northwest (Proctor et al. 1980). The estuary is approximately

29 km long and 21 km wide at its widest point and is located 145

km southwest of Seattle (Gatto 1978). Sixteen percent

(15.33 km 2 ) of the area between mean lower low water (YLLW) and

extreme high water (EHW) is undiked salt marsh. At MLLW, 58% of

the estuary is mud flat (Loehr and Collias 1981).

In April of 1990, Seattle District, U.S. Army Corps of

Engineers contracted with .Jashingtcn Department of Game, for the

study of benthic invertebrate assemblages and growth and reproductive

rate of the crustacean Corophium. This was one of many environmental

studies designed to address impacts of wideninq and deepening the

navigation channel in Grays Harbor. The proposed naviqation

project would require initial dredaing of an estimated 17.6 million

cubic meters (c.m.) of material and annual maintenance dredaina

of approximately 2.5 million c.m. of material to maintain proposed

channel depths. Intertidal and subtidal benthic invertebrates in

and adjacent to the existing navigation channel will be removed by

this channel improvement oroiect. A nortion of the habitat suitable

for the re-establishment of these invertebrate asqemblaaes may be

adversely affected bv dredging. To ilentif" and auantify the orga-

nisms that will be affected, and to determine the relative importance

, of the benthic communities in these areas to fish and waterfowl, benth
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invertebrates were quantitatively sampled periodically in several

locations in Grays Harbor.

Objectives of this study were:

1. Determine species composition, abundance, and biomass of

macroinfaunal and macroepifaunal assemblages located in areas

where impact on these groups of organisms by proposed dredging

activity in Grays Harbor may occur;

2. Evaluate similarities and differences in assemblages of sites

within the estuary.

3. Suggest possible means to mitigate adverse effects on benthic

invertebrate assemblages of the proposed dredging.

2,-I



LITERATURE REVIEW

Albright and Rammer (1976) have succintly summarized available

literature pertinent to this type of study.

Estuaries with extensive areas of mudflats are subject to

continuous disturbance by biological and physical activity. Such

disturbance leads to resuspension of sediments in the water column

(Peterson and Peterson 1979). This situation maintains an environ-

ment in which species (eg. Spionidae, Capitellidae, and Nereidae)

adnpted to rpcnlonization of disturbed areas thrive (Peterson and

Peterson 1070 , I;ichols 1079). Physical changes in estuaries which

increase or decrease the freshwater component also cause associated

changes in the biota (Nichols 1979). An increase in salinity and

generally leads to increased diversity within the system (Remaine

and Schlieoer 1971).

Physical disturbance or destruction causes drastic decreases

in nurbers of benthic and epibenthic invertebrates (McCauley.

H rcock, and Parr 1979; FrcCauley, Parr, and Hancock 1976;

W'cCall 1977). Recovery apparently occurs within 6 or 7 weeks even

in estuaries with regular maintenance dredging activity or ship

traffic (WcCauley, Parr, and Hancock 1977). If dredging activity

ceases, recovery of benthic communities to predredging levels is

expected to occur within 12-18 months (Swartz et al. 1980).

3



Because of the difficulty in determining relationships

and importance of all the changes that occur in estuaries due

to natural causes or man-made activities, a unifying approach

using rate-of-sediment-turnover (RST) and organic-content-of-

the-sediment (OCS) has received recent exposure in the liter-

ature (Bella and Williamson 1980, and Bella et al. 1977).

Basically, this approach uses these factors (RST and OCS) as common

denominators for comparisons of benthos before, during and after

dredging operations. This technique has been applied in part

in this report.
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STUDY AREA

Seven subtidal and 5 intertidal study sites were located in

the lower Chehalis River and Grays Harbor (Fig. 1). Site

descriptions are arranged East to West, starting with Cosmo-

polis and ending with South Jetty.

Cosmopolis (Site C): was furthest east; therefore, salinity

was lowest at this site. Salinities here vary from zero to 14

parts per thousand (ppt) and temperatures range from 2 degrees

to 19 degrees Celsius (Loehr and Collias, 1981). This sampling

site was located on the outside (west side of river) of a large

bend in Chehalis River. Thus, sampling stations of the site

were exposed to severe currents during high river flows.

Two major industrial facilities are located nearby. The

first, a Weyerhaeuser Company pulp mill is approximately .5 km

upstream. There was no processing waste outfall from this mill.

There was, however, a wash-water outfall. Average flow from this

outfall is 3.02 x 10 liters per day (1d). The second facility,

Cosmopolis sewer plant, had an outfall located 30 meters downstream

from the site. Average flow from this outfall was 1.51 x 106 ld.

A public boat launch ramp is situated nine meters upriver from the

site.

5
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The intertidal area at Cosmopolis consisted of a narrow,

terraced beach between ordinary high water (OHW) and MLLW. The 1.22m

(+4') station was located at the base of the terrace, and the 2.14

(+7') station was near the upper margin of the terrace. The terrace

was reinforced with old lumber. One-third of the intertidal area

(which was on top of a terrace) was a sedge (Carex lyngbyei) marsh.

At its lower margin, there was a one meter drop-off to a cobble and

gravel beach with old pilings, logs and metal debris. In winter,

erosion along the edge of the terrace was evident. A thin layer of

silt was evident on the lower cobble beach. The drop-off was less

abrupt in winter than at other times of the year.

The 2.14 meter station was in the sedge marsh. The dense

root system extended beyond a depth of 8 cm. The substrate was

composed of silt (65%) , clay (17%) , and fine sand (18%). The

average percent total volatile solids was 8.20%.

The 1.22 meter station had a predominantly gravel substrate

(70%) , with some sand and silt present. A layer of silt covered

this staion during winter. Pieces of an old wooden bulkhead were

present, especially on the eastern (upstream) half of this station.

The presence of wood fragments was probably the reason this station

had the highest percentage of total volatile solids (12.42% in

summer) of all intertidal stations (Appendix B, Tables 1 and 2).

The MLLW station also had a predominantly gravel (63%) and

c~oarse seand (21%) substrate. In summer, the average percent

8



Cow Point (Site CP)i was located on the north side of the

navigation channel.(Fig. I ) This site was characterized by low salinity

values and close proximity to sources of industrial pollution.

The site was adjacent to a Port of Grays Harbor log storage yard

and 50 meters west of Terminal No. 4. Pollution sources of present

in the vicinity of the Cow Point site included the City of Aberdeen

sewage plant outfall, located approximately one km upstream.

Adjacent to the site and on both sides were outfalls from loq storage;

yards and an outfall from ITT Rayonier pulpmill. "The Cow Point

area is located one km east of the mill outfall and receives mill

effluent in a direct line from the outfall on the incoming tide"

(Hoffman et al., lOl). In 19R0, the ITT pulp mill had an average

daily discharge of 9.8 x 107 id. In 1981, during times of benthic

sampline, the avera-e nutfall vclume was 3.7 X 107 ld.

(Schaaf, personal cor-unication, 1,l)1 . Loehi, and Col2ias (1981)

stated that Cow Point is an area w.ith depressed levels of dissolved

oxygen (DO). However, this situation has improved in recent years.

Hydrogen sulfide was evident when on this site.

Like Cosmoolis, stronF currents occur at Cow Point, pre-

ventinp silts and sands from settling over the rocks and cobble

above rLLW. Salinity at Cow Point ranFe during the year from 2

to 23 ppt, while temperatures range from 2 to 180 C. (Loehr and Collia!

1981.)

Jerry Schaaf, ITT Rayonier, Hoquiar, Washington.
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A, average salinity of 17 ppt during summer and 9 ppt during
2

winter were reported by Herrmann et al. (unpublished data, 1982).

The intertidal site consisted of a narrow beach approximately

15 meters wide, between MLLW and OHW, with a fairly steep but even slope.

The beach was bounded at its upper ede by riprap.

At 2.14 meters the beach was corprised mostly of riprap with

rvel and sand present between these larger rocks. In summer,

brain size was 87% gravel. This value was biased because

large cobble and boulders could not be included in the grain

size analysis. However, since samplinF was done in the gravel and

sand between or under rocks and cobble, the grain size analysis

represents the actual habitat sampled. Thi station had the

highest toial volatile solids (27.05') of any station sampled

during 19EC-1.

Althourh cobb Lc and t[ravel were prevalent on the sediment

surface at 1.22 meters, fine sand and silt were present on the

su'fice between rocks and comprised most of the underlying

sediments. In umei", sedmrent size composition values were 32%

fine sand and 395 silt. Again, the -rain size analysis was

, iased by the absence of cobble ir the sample. In summer,tho total

volatile solids value was 6.41%, considerably lower than the value

obtained at 2.14 meters.

2 Robert E. Herrmann, 'eyerhaeuser Company, D;ew Bern Forestry

Research Station, iew Pern, North Carolina 28560.
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The substrate at the NLLW station changed sharply; cobble

and gravel were replaced with fine sand and silt. The boundary

between substrates lay such that half of the rJLLW station was in

the exposed sandy silt area, and the other half was in the cobble/

gravel/sand/silt substrate. In summer the substrate was composed

of 61% fine sand and 25% silt because the randomly placed grain

size analysis sampling point was located in the finer sediments.

In summer the average total volatile solids value was 6.19.

The channel side was sampled at approximately 5.8 meters

below LLLW. Sedinent composition varied with seascn. In spring,

sediment grain sizes were predominantly silt (43'>) and gravel (24%).

Total volatile solids was 8.84. In summer, predominant grain

s7izes were silt (62%) and clay (21;). Total volatile solids value

of P.2, was nearly identical to spring values, 8.84%. In both

autumn and winter, the substrnte consisted entirely of soft mud

(silt and clay).

The channel bottom was sampled at an average elevation of

-1?.2 reters. As at the channel side station, sediment composition

varied with season. In sprinp, nredominant grain sizes were silt

(55%) and fine sand (3C.). The percent total volatile solids was

53%. In sumrer gravel coinprised 99% of the substrate. The

Percent total volatile solids in summer was 1.29. The substrate

at this station had the hirhest Percent gravel and lowest percent

of volatile solids of any inner harbor subtidal or intertidal

Ii
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sites. In autumn, the substrate was mud overlaying a hard, clay

sediment, and in winter, the substrate was a mud slurry.

Marsh Establishment (Site k) (Fig.l): The intertidal region at

the Marsh Establishment Site consisted of a broad mudflat approximately

230 meters wide between MLLW and OHW. Near MLLW, a few old pilings and

various pieces of wood, metal and cement debris were left over from days

when this area was used for log storage. Water-logged trees and stumps

were scattered throughout the mudflat. The beach was bounded at its

upper margin by riprap and patches of salt marsh. Salinity average 19

ppt in summer and 11 ppt in winter (Herrman et al., unpublished

data, 1981).

The ur-er Yeach, between arproximately +1.2 meters and +2.2

meters, was vegetated with eelvrass (Zostera spp.). Luring the

7ui-!-er ar., eirlv au-turmn, benthic diators were also visible on the

sed!eont -irface. i elo,: +1.2 meters little or no vegetation was

v~si ]e. Brown alga Fucus grew on old pilinqs and waterlogged trees

throughout this intertidal are. ituated one km to the east was the Weyer-

iaeuser Pulp mill outfall with an average flow of R. x 107 Ia.

i" 2.] -eter station was located partially in a sedge

-rex nbye,) marsh that started slightly below 2.14 meters and

cont m .fd to thc base of the riprap, approximately 2.5 meters

elevation. The substrate was predominantly silt (79%-91%). Total

voltle esli value:s v ere 8.39% in sprinr and 10.01% in summer.

The Ftrate t 1.22 meters was, predominantly silt (57%-66%) with

12



fine sand (22%-29%). The average total volatile solids were 6.06%

in spring, and 6.54% in summer.

Two types of substrate were present at the MLLW station: a finer

substrate (fine sand, silt and clay) and a more coarse material

(gravel and coarse sand)(Appendix B, Table 1). Substrate at the

FLLW station was the coarsest substrate at site M. Areas of gravel,

rocks, and debris were nearby. A few tidepools were oresent. Average percent

total volatile solids were lowest here for any station at site M. In spring,

the averaqe percentage was 5.74 and in summer 5.68%.

Varsh Control (Site ,-C) (Fig.l): was a broad, qently slopinq mudflat

approximately 275 meters wide. Located 3 kilometers ,,est of the

T arsh Ls+ab1ish'-en + site alonr the South Channel, the mudflat was

bounded on its u!nper edge by a strip of salt marsh veetation 15

meters w;de. At ar,prcxiratel: one meter in elevation the mudflat

bepan to drc, off Fharply into the South Channel. Thus the 1-,LLW

station was on a moderately steep slope (+100). The area above

1.5 meters was covered by a moderately dense eelgrass bed (Zostera

snT.). '.'urinp surmer and early auturn, rowths of benthic algae

and diatoms were vis'ble on the sediment surface. Associated with

this erp the appearance of humrocks of bottom materials 2 to 5 cm high,

scattered throughout the upper intertidal region. Salinity averaged Z? ppt in

summer and 12 ppt in winter (Herrmann et al., unpublished data, 1981).

13



The substrate at the 2.14 meter station was predominately

silt (81%-84%) with clay comprising most of the remaining sediment.

In spring and summer. average percent total volatile solids were

9.41 and 9.15 respectively.

At the 1.22 m station silt comprised 70% to 80% of the sedi-

ment with clay comprising most of the remaining substrate. Average

percent total volatile solids were 8.32 and 6.23 in spring and

summer respectively.

The substrate at the MLLW station was composed primarily of

silt, 80-84%. The remaining fractions of the sediment consisted

primarily of clay. The substrate here was extremely soft and uncon-

solidated. During spring and summer, average percent total volatile

3olids were 7.70 and 6.60, respectively.

Moon Island (Site MI) (Figure 1): Intertidal stations were

situated 3.2 km west of the mouth of Hoquiam River, along the north

side of the main navigation channel. The beach consisted of a

broad tideflat approximately 115 meters wide. At .6 meters above

MLLW, the beach began to slope steeply, dropping into the navigation

ohannel. The upper end of the beach was bordered by riprap which

provided support for an adjacent paved road. City of Hoquiam

s,-waae treatment pond is located across the road. An outfall

(average flow of 15 ld), from this sewage pond was located 100

mneters west of the site (Gregory personal communication, 1981). 3 The

3
Allan Gregory, Hoquiam Sewer Plant, Hoquiam, Washington
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substrate was firm sand, hard-packed silt and clay. Salinity

was higher at this site than at any other intertidal site.

Dredging of the intertidal area one-half km east of the sampling

site began in September 1980, in association with construction of

a new pier. This may have caused appearance of a layer of silt

and clay on the tideflat during autumn .

The substrate at the 2.14 meter station was composed almost

entirely of fine sand (84%). Total volatile solids value was 1.98%.

A sparse cover of eelgrass (Zostera spp.) was present at this

station.

The 1.22 meter station was in an area riddled with large,

dead Mya arenaria shells. These shells were oriented vertically

and sticking partially out of the substrate. In summer, the

sediment was primarily compact silt (65%) and fine sand (26%).

The average total volatile solids in summer was 4.39%.

In spring, substrate of moon Island MLLW station consisted

of a matrix of soft areas interspersed with hummocks of hard,

compact sediments. In summer, the sediment was more uniformly

firm than in Spring. Erosion and/or accretion of sediments

formed a small dropoff (8 cm high) at the MLLW station marker

during summer. In autumn and winter the substrate had a consistent

slope and firmness. It appears sediments at this station are quite

dynamic and are subject to movements and alteration by currents,

wave action, and disturbance from passing ships. In summer, sediment

15



composition was predominantly silt (6 1%) and fine sand (28%).

The average percent total volatile solids was 5.58%.

Salinity at the Moon Island subtidal stations ranged from 7

to 26 ppt, and temperature from 4 to 18 degrees Celsius (Loehr

and Collias, 1981) . The average summer salinity value was 22 ppt,

while that for winter was 12 ppt (Herrmann et al., unpublished

data, 1981).

The side of the channel was sampled at a depth range of -4.3

to 5.5 meters. in spring, sediment was composed of 48% fine

sand and 31% silt. The substrate was hard-packed clay. The per-

cent total volatile solids value was 4.85%. In summer, 65% of the

substrate was silt, 18% fine sand, and 17% clay. The percent total

volatile solids value increased to 7.20%, probably because of the

increase in silt. In autumn, the substrate consisted of loosely

consolidated silt and clay over hard-packed silt and clay, coarse

sand was also present. In winter, the substrate consisted of very

soft silt (5 cm thick) overlaying coarse sand.

The bottom of the channel at Moon Island was axnpled at a depth

of approximately -10.7 meters. In spring, the sediment was composed

of silt (49%) and fine sand (40%) . The percent total volatile solids

was 8.16. The substrate was extremely soft having the consistency

of pea soup. In summer, sediment was predominantly fine sand (65%)

and silt (28%).
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Top of the Crossover Channel (Site X) (Figure 1): Salinity

at the Top of the Crossover Channel averaged 22 ppt in summer and

12 ppt in winter (Herrmann et al., unpublished data, 1981). Station

at this site may have been affected by maintenance dredging which

occurred just prior to spring and summer sampling periods.

The channel side at the Top of the Crossover Channel was

sampled at depths between -5.2 to 5.5 meters. In spring, predominanj

grain sizes were fine sand (65%) and silt (24%). The percent total

volatile solids was 3.52%. In summer, sediments were primarily

composed of fine sand (97%). The percent total volatile solids

value was 5.32. The substrate was a slurry, with sand and wood

debris present. In summer, predominant grain sizes were fine sand

(46%) and silt (21%). The percent total volatile solids was 2.14.

The channel bottom station was sampled between -11.0 to 11.6

meters. In spring, predominant grain sizes were fine sand (62%)

and silt (16%). The percent total volatile solids decreased to

2.53. In autumn, substrate was significantly different, consisting

of coarse sand with some shell fragments. In winter, substrate was

fine sand, silt, and clay.

Whitcomb Flats (Site WF) (Figure 1): Along with the Deep Water

Disposal and South Jetty sites, represent those sites at which oceani

influenc dominates freshwater influence of the Chehalis River.

. Salinity at this site averaged 28 ppt in summer and 20 ppt

17



in winter. Wave action here is noticeably greater thani at inner

harbor sites. Even during calm summer days oceanic swells reach

this part of the harbor. As a result very little silt or clay was

present in the substrate. Fine sand constituted more than 90% of

sediment samples. Correspondingly, low percentages of total volatile

solids occurred. Maintenance dredging occurred at this site during

all seasons except winter.

The Whitcomb Flats channel side station was sampled at an

average elevation of -5.5 meters. Sediments at this station

were composed almost entirely of fine sand (97 to 99%). Percent

total volatile solids was again low. Throughout this study percent

of total volatile solids was inversely proportional to the percent

of silt in the sediment. The percent total volatile solids was

1.21 in spring and summer.

The Whitcomb Flats channel bottom station was sampled at an

elevation range of -11.0 to -11.6 meters. Fine sand dominated

sediment composition during all seasons. Percent of total volatile

solids were 1.12 and 1.22 in spring and summer, respectively.

Deepwater Disposal (Site DD) (Figure 1): was located approxi-

m~ately 500 meters southeast of buoy "13" near the mouth of Grays

Harbor. Tnis site has been used in recent years for disposal of

dredged materials resulting from maintenance dredging of the navi-

qation channel. Depth of the site varied between seasons

(-15.3 to -19.8 meters). Sediment composition also varied between

18



seasons. This may result from deposition and movement of dredged

material at the site incombination with natural sediment movement

caused by wave and current action. During spring, sediments were

composed almost entirely of fine sand (99%). During summer, fine

sand comprised 65% of the sediment. Remaining sediment was mainly

coarse sand. The percentage of total volatile solids was low, with

spring and summer values of 1.23 and 1.29, respectively. Salinity

at the site ranges from am average of 28 ppt in summer to an average

of 20 ppt in winter. Dredged material disposal occurred at this dur-

ing all seasons.

South Jerry (Site SJ) (Figure 1): was the wcstern-most site

sampled. This site was located 75-100 meters north of the south jetty

and southwest of buoy "11". While the site was somewhat protected

from wave action by the jetty, ocean swells were a major environmental

feature at the site. In addition, strong tidal currents sweep along

thc ie4-tv. Salinity here was comparable to that of the Deepwater

Disposal Site. Substrate consists of cobble, gravel, sand, and

clam shtlls, with occassional patches of coarse sand. The amount

of cobbles and gravel in the sediment seemed to decrease with dis-

tance from the South Jetty. Grain size analysis of a summer sediment

sampled showed sediment to be composed mainly of gravel (88%). The

percentage of total volatile solids was 1.72. The bottom was -12.2

to 15.3 meters deep.

19



METHODS AND MATERIALS

A total of 5 intertidal sites and 7 subtidal sites were sampled

for benthic invertebrates (Figure 1, Table 1). Samples were collected

in spring (May 1080), summer (August 1980), autumn (November 1980)

and winter (February-March 1981).
2

Intertidal sampling was done using a core sampler (13.2 cm x
2

8 cm deep) and box sampler (.0625 m x .3 m deep). At each site,

stations were Placed at mean lower low water (MLLW), +1.22 m and

+2.14 m relative to MLLW and marked with either metal or wood stakes.

Elevations were determined using a Zeiss level at sites M and MI; and

with a hand held Berger level at all other sites. An elevation marker

set adjacent to each site by U.S. Army Corps of Engineers surveyors

was used as the reference. Samples were obtained from randomly

selected locations along a 6 meter transect placed parallel to the

shoreline, with the station marker located at the center of the

transect.

Cor-e samples were screened using Ponar Littoral Wash Buckets

with a .5 mm mesh screen before a preservative was added. Box

samples, collected to sample larger organisms, primarily clams,

were screened with a 2.0 mm mesh screen. All samples were preserved

in a solution of 5% formalin buffered with (anhydrous granular)

sodium carbonate.
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Pose henr-al, a stain, was added to the samples with the forrralin

and left for at least 24 hours.

Core saovples w .ere scrted inlto 5 -eneral categories: annelids,

critstaceans, clars, harnacles and ethers. Box sarrples were sorted

irto I- cateFories: clam, crab, fish arid other. h~fter ori-anisms

were sorted into catercries, they werc preserved in a sclution of

70 . ethyl alcohol and 5,' -lycercl.

Tnterstitial salinity v au~et were taken at each station

durir. -r- ,Ft of the sarlinr- Irirs. A .~newas also collected

a+ the wiater's edrre at low tide (below I\LLD.').

I a,,' lrO-ql and August 10'1O, cE- vvples were collected

at epre, s'--tinr~ for Pnalvsls of e-rain. size and' total vclatile

solids. Cores for arn -lysis c! rrain size wre clectEu t( a

der~th of P or, w.hile o-reF for anJ'of voltile sclids were

cc] ] ctr( to -i depth ol -1 cr. ,in,---r;ls ~ee~:~lyzed at

C-rayn rlr Colhere. Peru] t < ar rresEcted in .%ppendix F.

Suhtilal -ale; er!o c<ccteu using a 0.1 rr 2van Veen grab

qarrrlI.-'. DOurinp each season, 2ga r-eswcre ccllected from

the bcttor, anI 2 fror. the ridpcin' on th.e side of the naviration

chq.rrel a1. siteE 1-c5. At Sites 6 and 7, 2 fgralt sarruyles were col-

i~fdfrom the bottom. Because there is no defined channel

~ 4e~~ 2 jt 5 ,nc ch)annel side sr~rrllfs -vere collected. Crab

Sqir-ol",s verr r-crer-red live usInr I onar Li ttoral o-ash P71OLets with

-! .ih 7crcer and4 nrocessed in the s-are 'manner as ccre samplei
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In r"ay and August 1980, core samples were collected for

analysis of rrain size and total volatile solids through a trap

door on top of the grab sampler. Data on prain size and total

volatile solids are presented in Appendix B.

Organis-s were identified to species when possible. Hydroids,

>ncprocta an-' Ectoprocta were identified to class. Wet weights

)f ech lreneral category (eg. Crustacea, Annalida, IVollusca, and

other) in each sample were determined using a 1ettler H6 Analytical

F'ilnce. T.arge organisms (eg. clars, crabs, etc) were weighed

-eparntely.

Th'.e Shannon-viener function (Yrebs l72:506) and Lvenness

values (Krebs 1972: 507) were used tocalculate diversity of inverte-

brate conmunities at the sites. Both formulas were modified from

tnose presented in Krebs by computing logs to base e rather than

base 2.

'he , develcred by Shanncn and ',:iener to determine H* is:

HI- Z (Pi)(l°F Pi )

i=l

S = number of species

pi= proportion of total sample belonging

to ith species.

2
P2



Lveness (h) values were calculated as follows:

E = H
H max

H max = Loge S

After sluare root transformations of the raw data, cluster

nnalysiF7 was done using the Bray-Curtis Dissirilarity Index (Bray

and Curtis, 1057).

.lx ij - xikl

Cjk - - ji7(xij * xik)

Dik = Lissirilarity of stations j and k

x.. = abundance oI' the ith species from
station j

o -i- oere clustered usinp the group average technique and

dendrograms of these results were .plotted:

Both there Teasures are widely used tc describe community

structure Tn aoatic envircnrrents. Also, the Fray-Curtis Index

V sensitive to chanres in abundance of species as well as changes

in stcies ccrosition between sites (Day, et al. 1971). Clusterirg

of data usina the arouo averaae technique leads to more accurate

althouqh less distinct qroups than other comronlv used techniques

(Walker, 1974).
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RESULTS AND DISCUSSION

BIOLOGICAL CHARACTERIZATION

Cosmopolis

Annelid worms comprised 95% of the benthic invertebrate com-

munity at the 2.14 station during all seasons except winter. In

winter, insect larvae made up 12% of all individuals (Mean abundance

was 1,212 per m 2 ) (Table 2, Fig. 2: OT = other, which consisted

entirely of insect larvae in winter). Community structure through-

out the year was dominated by the brackish water sabellid polychaeta

Manayunkia aesturina and oligochaetes. These two groups formed

the entire annelid population. Manayunkia was most abundant in

2autumn, with a mean density of 37,273 per m Oligochaetes were
2

most abundant in spring, with a mean density of 15,000 per m 2

Overall invertebrate abundance was highest in autumn, with a mean

2of 51,667 organisms per m Annelids accounted for 96% (49,394

individuals) of the total number of organisms. The lowest mean

abundance of invertebrates was in winter, with 9,848 organisms
2

per m (Appendix C, Table 1; Figure 3).

Manayunkia aesturarina and oligochaetes dominated the 1.22

meter elevation community, except in autumn when Manayunkia and

the amphipod Corophium spinicorne were predominant (Table 2,

Figure 4).
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I

In autumn, the spionid polychaete Polydora hamata and the isopod

Gnorimosphaeroma luteum each comprised 5% or more of the total

community abundance. Nianayunkia were most abundant in winter with

a mean of 29,546 individuals per m 2 . Oligochaete were most abundant

in summer with a mean density of 9,091 per m 2 . Overall invertebrate

abundance was highest in summer with a mean of 45,303 organisms

per m 2 . Annelids accounted for 38,940 of these individuals, which

was the highest annelid abundance for the year Overall

invertebrate abundance was lowest in autumn, when there were 12,576

organisms per m2 (Fig. 4).

Community structure at MLLW was dominated by the amphipod

Corophium spinicorne and polychaete Polydora hamata (Table 2, Fig. 5).

Cnronhium was the most abundant of these two species in all seasons

except summer. Both Corophium and Polydora reached population

Deavs in summer, when Corophium mean density was 24,546 per m2 and

Polydera mean density was 26,061 per m 2 . Crustacean (mainly

Corohiur) and annelid (mainly Polydora) populations are extremely

important throughout the year at this station (Fig. 5). Overall

invertebrate abundance was highest in summer with a mean of 55,000

invertebrates per m and the lowest in winter, with 12,727 inverte-

brates per m2 (Fig. 4).

The channel side station community was dominated by large

Si,-rbers of the amphipod Corophium spinicorne (Fig. 6). The next

2 rost Prevalent orranisms were the polychaete Polydora hamata,

29
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Figure 6. Percent of invertebrate community occupied by five
m2<or cateporiesl of invertebrates at the side of the
navigation channel, Cosropolis, Grays Harbor, Washing-
ton, 1RO-81. Patterned bars indicate peak abundance/
biornass within that category for the year.

CR = crustaceans, AN = annelids, CL = clams, OT = other,
BARN = barnacle biomass. Upper portion of percent by
number CR bars indicates Corophium spinicorne value.

Data from one van Veen grab sample only.
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and barnacles (Balanus sp.). In autumn the polychaete Hobsonia

florida, accounted for 5% of the total abundance, and contributed

significantly to community structure. Corophium spinicorne

2abundance was highest in autumn, with 38,800 individuals per m

Total nujmbers of crustaceans per m2 were virtually eaual in autumn

and winter (Fip. 4). Barnacles were most abundant in winter with
2

a mean density of 3,000 per m. Barnacles and Corophium together

accounted for the peak crustacean abundance in winter (Table 2).

Polydora hamata was most abundant in summer, with a mean density

of 4,300 per m2. Cverall invertebrate abundance was highest in

autumn, 44,000 organisms per m 2 , and lowest in summer, 35,250

cranisms per m2 (Appendix C, Table 6: Fig. 6).

Cliochaetes were by far the most abundant organism in spring

and autu mn at the channel bottom station (Table 2,Flgs. 7, 8). In

summer, oliiochaetes and Corophium spinicorne predominated. In

Wvntpr, Corcphium spinicorne and Polydora hamata wore predominant.

Durinr summer samplinp, a larFe rock (33 x 25 cm) was caught

in the van Veen grab sampler. A thick mat of Corophium tubes on

this and other large rocks caught in the grab indicate such rocks

probably constitute an important habitat for Corophium. Samples

taken from the rock surface indicate Corophium spinicorne is more

abundant at this station than indicated by the van Veen grabs used

in the nuantlative surveyv. %iean abundance from van Veen grab

7amoles of Corophium was 600 per m 2 . Samples from the rock sur-

face yielded a mean abundance of 96,592 per r (Table 3).
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Table 3. Abundance and biomass data from rock caught in van Veen grab
samler, Cosmopolis, Grays Harbor, Washington, 1980.

Station No. SS-1B-2, 8/27/1980, depth - 19.5 m.
Substrate: 13 x 100 rock

Bottom of navigation channel ABUNDANCE (#/m 2 ) BIOMS j2
SURFACE OF ROCK 1 2Mean 1I Mean

Crustacea 0 0 0 0 0 0
Corophium spinicorne 125,758 67,425 96,592 25.432 21.364 23,398

Annelida 0 0 0 0 0 0

Eteone longa -0- 1,515 758 -0- 3.220 0

Oligochaeta -0- 758 379 -0- 0 0

Polydora hamata -0- 5,303 2,652 -0- 0 0

TOTAL Annelida -0- 7,576 3,789 -0- 3,220 1.610

BOTTOM OF ROCK

Crustacea 0 0 0 0 0 0

Corophium, spinicorne 2,273 3,030 2,652 .614 .258 .436

Annelida 0 0 0 0 0 0

Nereis sp. -0- 758 379 -0- .273 .137

1Two sam-ples from rock each 13.2 cm 2 .
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Numbers of Oligochaetes peaked in autumn when 39,390 per m2

were observed. Numbers in spring were only slightly lower.

Corophium spinicorne abundance peaked in winter, with a

density of 11,700 per m2 . This value is far less than that

obtained from the rock surface samples collected during summer.

Polydora hamata peak abundance occurred in winter, 3,000 per m2 .

Overall invertebrate abundance was hiphest in autumn, 40,590

organisms per i 2 , and lowest in summer, 2,300 organisms per m2

(Appendix C, Table 6i Figs. 7, 8).

Cow Point

The polychaete worm, Manayunkia aestuarina, comprised 65-87%

of the invertebrate community at the 2.1h m station. The remaining

population was comprised mostly of the isopod, Gnorimosphaeroma

luteum; amphipod, Corophium spinicorne; and Oligochaete worms

(Table 4, Fig. 9). Highest numbers of invertebrates at this

station occurred in summer when density was estimated at 240,910

organisms per m2 . ranayunkia aestuarina populations also peaked

during summer with 216,R19 worms/m 2 (Appendix G, Table 2). Lowest

density, 45,303 organisms per m2 , occurred during spring.
At 1.22 meters numbers of Nanayunkia and oligochaetes

decreased, while numbers of Gnorimosphaeroma and Corophium spinicorne

increased. The amphipod Logammaruz confervicolus was also an
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Patterned bars indicate peak abundance biomass within
that category for the year.

See Figure 2 for footnote.
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I

12,ortai component of the community at this station (Table 4,

Fig. 10). Crustacean abundance peaked at 12, 273 individuals per
2

m during summer. Gnorimosphaeroma abundnace peaked at this time,

accounting for 44% of all crustaceas. Corophium spinicorne

accounted for 25% of crustaceans at this time. Overall abundance

was highest in summer with 15,152 individuals per m2 and lowest

in aiitumn with 4,697 individuals per m2 (Fig. 11).

The most dramatic changes at the MLLW elevation was the

presence of barnacles, Balanus sp. (Table 4). Other crustaceans

were also predominant. These were: Corophium sp., especially

Corophium spinicorne and Eogammarus confervicolus which were

associated with the fine-grain substrate at this station. Also

found in more fine-grain substrate were the polychaetes

Streblospio benedicti and Hobsonia florida. Populations of both

spc::ies peaked ia autumn, as did annelids overall (Fig. 11).

.iq4:'st ",erai] ivertebrate abundance was in summer with 88,940

2invertebrates per m Crustaceans represented 95% of overall

comMrunity composition. Barnacles were the most abundant, 64,243

per m , crustacean accounting for 73% of all crustaceans at this

station.

Olj0achaete worms and the polychaete Streblospio bendiciti

dominated the channel side community (Table 4). Corophium

ipinicorne and clams Macoma balthica, Macoma sp., and

!ie _nz,-JzA were also present. Oligochaete worms were most
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abundant in summer (1,050 per m2 ) while Streblospio was most

abundant in autumn (1,600 per m 2). The overall peak in abundance

of annelids was in autumn with 2,400 individuals per m2 (Fig. 12).

Crustacean populations also peaked in autumn, with 250 individuals

2
per m2 . Corophium spinicorne accounted for 80% of this population

peak. Numbers of organisms were highest in autumn, 2,750 organisms

per m2 and lowest in winter, 690 organisms per m 13).

Highest overall clam (mollusca) abundance occurred in spring with

130 individuals per m 2 .

The spionid polychaetes Streblospio benedicti and Polydora

ligni were the most abundant organisms at the channel bottom

station (Table 4). Corophium brevis, Corophium spinicorne,

Corophium salmonis and Logammarus sp. were the most common

crustaceans. The clams Naccma balthica, Macoma sp., and YyA

arenaria were most abundant in autumn with 850 individuals per m 2

(Appendix C, Table 7). The relative abundance of clams was highest

in winter. This was largely due to lower abundance of non-

molluscan organisms (Fig. 14). Abundance of Streblospio peaked in

autumn with 4,700 individuals per m2 . Peak Polydora livni

abundance occurred in summer with 4,400 individuals per m2 .

Overall 4npelid ahundance was highest in summer (7,650 individuals

per m2). Coroi hium brevis was most abundant in sumer with 2,550

2individuals per r Invertebrate abundance was highest in summer,

1.2,70 orpanisms per m2 , and lowest in winter, 130 organisms

per m2 (Fig. 15).
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Marsh Establishment

Manayunkia aestuarina and Corophium salmonis were the most

abindant orvanisms at the 2.14 meter station. Other important

annelids included Hobsonia florida and oligochaete worms (Table 5).

Other crustaceans included a tanaid (Tanais sp.), the amphipod

Eogammarus conifervicolus, and Gnorimosphaeroma luteum. Manayunkia

was most abundant in winter with a density of 53,031 individuals

per m 2. Both annelid and total invertebrate abundance was largely

determined 1,y the abundance of kanayunkia. Annelid and total

invertebrate abundance were highest in winter (Appendix C, Table 3;

Fiz. 16). Corophium salmonis was most abundant in autumn with a

2density of 10,000 individuals per m2 . Corcrhium salmonis was more

abundant at the 2.14 meter station than any other station at Site N.

Overall invertebrate abundance was lowest in sorina, with 27,121

organisms per m2 (Figure 17). -

lana,unkia aestuarina was by far the most abundant organism at

1.22 meters. Streblosrio benedicti and Corophium salmonis were next

most abundant (Table 5). This station also had dense populations

of the Dolychaetes Heteromastus filiformis and Eteone longa. Both

Ianayunkia anO Streblospio were more abundant at the 1.22 meter

station than at any other station at Site N. In spring, bianayunkia

density peaked at 90,910 individuals per m . Streblospi reached

a peak density of 5,606 per m 2 individuals in winter. Annelid

populations were greatest in spring (Fig. 18). Invertebrate abun-

dance was greatest in spring with 102,576 organisms per r.2, corres-
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ponding to the peak in Manayunkia abundance , and lowest in autumn

with 20,000 organisms per m2 (Appendix C, Table 3; Fig. 17).

During summer high numbers of barnacles (Balanus sp.), 9,091

individuals per m2, were present at the I4LLW station. Barnacles

accounted for 76% of all crustaceans during summer (Fig. 19).

Barnacles were the most abundant organism at MLLW station for the

year. However, this is based solely on their summer popu-

lations. Hobsonia florida, an ampharetid polychaete, occurred

consistently throughout all seasons at this station. Fopulations

peaked in winter (Table 5).

Other less prominent organisms included Manayunkia aestuarina,

Macoma balthica and Corophium spinicorne. Corophium spinicorne

was restricted almost entirely to the MLLW station at site M.

The highest density of organisms , 17,576 per m2 , occurred

at this station during summer. Lowest density was 2,273 organisms

2.-per m2 in autumn (Appendix C, Table 3; Fig. 17).

rarsh Control

In order of relative importance, the following organisms

were found at the 2.14 m station: V.anayunkia aestuarina,

Corophium salmonis, Streblospio benedicti, Polydora kempi japonica

and Eteone lonra (Table 6). Annelids were the most abundant

fa,,nal Proup contributing up to 97% of all organisms at this

station (Fit. 20). Corophium salronis was most abundant in autumn

with 34,697 individuals per m2  The 2.14 meter station had by far
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more Corophium than any other station at site 5C. Streblospio was

2most abundant in winter with 15,000 individuals per m2 . Folydora

2peak abundance was in spring with 3,333 individuals per m , and
Eteone peak abundance was 1,667 individuals per m in spring and

autumn. Polydora and Eteone were also more abundant at the 2.14

eter station than any other stations at site riC. Peak abundance occurred

in autumn with 113,334 organisms per m 2 , ana lowest abunjance occurred in summer wit

20,152 organisms per rC (Appendix C, Table 4, Figure 21).

Streblospio benedicti was the most common organism at the 1.22

station. Cther abundant organisms included the cumacean Leucon sp.,

Wacoma balthica, Corophium salrronis, IVanavunkia aestuarir. and

Folydcra kerri jarnonica (Table 6). Streblospio population peaked in

;utumn with 9,E49 individuals per m2 . Annelids peaked

in autumn with 12,425 individuals per m2 (Appendix C, Table 4;

Fig. 22). Leucon sp. peak abundance occurred in autumn with 5,455
2ir(dividi51 rer m2 . Total abundance was greatest in autumn (20,152

org-anisrs rer m2) and lowest in spring (7,121 organisms per

(Apren(',x C, mable 4; Fig. 21).

The ro0t abundant macroinvertebrate at the MLLW station was

Leucon 7P.. Cther abundant species included Streblospio benedicti,

rp-nayunkia aestuarina, and raccma balthica (Table C). Oligochaete

v.'orer were also abundant. Leucon was most abundant in autumn with

',061 indivjiualr per m2 . Cthe" organisms which had highest

den iti-s in auturn include; Streblospio (2,121 individuals per m2 )

and [ an .unkia (1,061 individuals per m2 ). Oligochaetes were most
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2
abundant in sorinF with 1,061 incdividuals per m Macoma balthica

was also most abundant in spring with 909 individuals per m2 (Fig.

23).

Total abundance peaked at 11,364 organisms per m2 in

autumn and reached a low of 2,424 organisms per m2 in winter

(Atnendix C, Table 4; Fig. 21).

Yoon Island

The invertebrate community at 2.14 meter station waq dnrminated b

pclychaete worms Heteromastus filiformis and Streblospio benedicti,

and clams tacoma bathica, and LyA arenaria (Table 7), except in

snrln , when corrunity structure was dominated by Pygosspio elegans.

rh[ crFanlsr was not present in any other season or at any other

station a* this site. Cverall station abundance was greatest in

2srrins wK±h 3iC-O individuals per m and lowest in summer with

I ,: in vIduals per m2 (Appendix C, Table 5; Fig. 24). Pygospio

ronu:tion accounted 4'or 74% of the overall abundance and 79% of

the annelird ablndance in spring (Fig. 25).

Crganisms rost abundant at 1.22 meters included Corophium

s-Ilmcnis, Streblospio benedicti, kanayunkia aestuarina, Vacoma

balthica and Folydora ligni (Table 7). Total abundance was

22

7reaf,'st in winter (9,849 individuals per m ) and lowest in summer

(3,y33 individuals per m2), (Appendix G, Table 5; Fig. 24).

Ceroj lurr, ralnoris was most abundant in winter with 4,849 individuals
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!2

per m, which was 91% of crustacean abundance during winter (Fig.

26). Annelids reached peak abundance during autumn due mostly to

2
high numbers of Streblospio, 2,727 individuals per m 2.

Corophium brevis, Polydora lipni, Nanayunkia aestuarina,

Mya arenaria, and Streblospio benedicti dominated the community

at MLLW station (Table 7). Crustaceans were most abundant in

spring with 5,303 individuals per m2 , of which 80% were Corophium

brevis.

Total abundance was highest in summer with 12,879 organisms

2 2
per m and lowest in winter with 2,462 organisms per m2 (Appendix

C, Table 5; Fig. 24). Annelids were also at highest densities in

summer (Fig. 27). Populations consisted mostly of Polydora ligni

which comprised 45% of total abundance.

Dominant organisms at the channel side included 3 species of

Corophium (C. brevis, C. salmonis, and C. spinicorne) and 2 poly-

chaete worms (Polydora ligni and Streblospio benedicti (Table 7).

Large numbers of Corophium brevis were present during spring

(22,985 per m2 ). Abundance of both crustaceans and invertebrates

was highest during spring. C. brevis accounted for 90% of the

crustaceans present during this sample period (Figs. 28 and 29).

Overall anundance was lowest in summer with 1,300 organisms

per m2 (Appendix G, Table 8). Peak abundances of other organisms

included: Polydora, 4,100 individuals per m2 in autumn; Corophiu

salmonis, 1,550 individuals per m2 in autumn; Streblospio, 1,430
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2I

individuals per m2 in winter and; Corophium spinicorne, 1,850

2individuals per m. in spring.

Oligochaetes, Streblospio benedicti, Macoma balthica and

Glycinde armiera were the dominant invertebrates on the channel

bottom (Table 8). Highest total abundance (1,120 organisms per m2 )

and annelid abundance (785 individuals per m 2 ) occurred in winter

2(Fig. 30). Abundance was lowest, 530 organisms per m , in spring

(Appendix C, Table 8; FiF. 29). Peak abundances of dominant

organisms were: oligochaetes, 500 individuals per m2 in winter;

Streblospio, 300 individuals per m2 in autumn; Iacoma balthica,
2.

200 individuals per m in autumn, and, Glycinde armigera, 300

individuals per m2 in summer.

Top of the Crossover Channel

Yacoma spp., was the most common invertebrate at the Channel Side

Station, followed by Nephtys longosetosa, oligochaetes and Scolelepis

squamata (Table 8). Clams reached peak density in spring with 285

individuals per m2 (Fig. 31, Appendix C, Table 9). However, the

lowest total density also occurred in spring, with 340 organisms

per m 2  Total density peaked at 950 organisms per m in autumn

Annelid populations also peaked in autumn at 650 individuals

2per m.

Organisms representative of the channel bottom include

Glycinde ricta, Corophium spinicorne, Armandia brevis, Ylacoma spp.,

7
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II
Table 8. Composition, by percent, of benthic invertebrate community,

by season and station at the Top of the Crossover Channel,
Crays Harbor, Washington, 108O-81.

Bottom l  Side

Organism Spring Summer Autumn Winter Spring Summer Autumn Winte

CRUSTACEA

Archaeomysis grebnitskii 0 0 5 -- 0 0 0
Balanus sp. 0 0 5 0 0 0 0
Corophium 1, unid. 0 0 14 0 0 0 0
Corophium spinicorne -- 36 0 0 0 0 0
Eogammarus, all sp. 0 18 -- 5 0 0 0 1
Lamprops, Hemilamprops,
or Mesolamprops sp. 0 0 10 11 0 0 5

Paraphpxus milleri 0 0 0 0 0 0 0 2

ANNELIDA

Armandia brevis 22 0 8 12 0 20 0 0
haetozon spl 0 0 0 0 0 0 11 0

Glycinde picLa 38 0 -- 12 -- 0 5 6
Nephtys longosetosa 0 0 0 -- 0 20 5 --

Nephtyssp. 0 18 0 0 0 10 0 0
Oligochaeta 0 0 0 -- 0 0 21 --

Paraonidae 0 0 0 0 0 0 C 6
Polydora ligni 0 0 27 0 -- 0 0 0
ScoTe-pis squamata -- 9 0 0 -- 20 0 0
Streblospio benedicti 0 0 0 -- 0 0 11 0

MOLLUSCA

Macoma, all sp. 26 0 0 6 84 30 5 8

OTHER

Nemertea 0 16 __ 0 0

All else 14 19 31 38 16 0 37 29

2
TOTAL STATION

ABUNDANCE 690 550 2,960 1,310 340 500 950 490

1 Bottom and side of navigation channel.
2 Mean numbers of individuals per m2.
"--" = less than 5 percent
Blank none present
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and Polydora ligni (Table 8). Annelid (l,350)individuals per

m2 ) and crustacean (1,410 individuals per m2 ) populations peaked

in autumn with clam populations (180 individuals per m 2 ) peaking

in spring (Fig. 33). Overall density was highest in autumn (2,960

2 2organisms per m ) and lowest in summer with 550 organisms per m

Appendix C, Table 9: Figure 32).

Whitcomb Flats

The most common species at the channel side station were

Magelona sacculata, Paraphoxus milleri, Spio sp., EohaustoriUs sp.,

Ophelia limacina and Archaeomysis grebnitzkii (Table 9).
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Crustacean abundance was highest in summer (Fig. 34).

Porulations were composed entirely of Paraphoxus (190 individuals
I2

per m 2 ) and Eohaustorius (115 individuals per m2 ). Total density

at this station was lowest in autumn with 405 organisms per 
m2

(Appendix G, Table 10; Fia. 35)

The invertebrate community on the channel bottom was composed

mainly of Spio sp. Vagelona sacculata, Cphelia limacina, Mediomastus

sp., Archaeomysis grebnitzkii and Paraphoxub milleri (Table 9).

Annelid populations peaked at 1,750 individuals per m2 and

total density at this station peaked at 2,070 organisms per m2 in

summer (Fig. 36).. Both Siliqua patula and Dendraster excentricus

2were present at this station in low numbers, 5 individuals per m .

Deepwater Disposal

The benthic community at this site was primarily composed of

V*__ elon sacculata, nemerteans, Ophelia limacina and Archaeomysis

yrebnitzkii (Table 10).

In autumn, poulations of annelids (770 per m
2 ), and crustaceans

(160 per m2 ), Peaked, as did the total number of invertebrates

(1,010 rer m 2)(FiF. 37; Appendix C, Table 11). kagelona populations

2were liphest in spring with 4P5 individuals per m2 . Nemerteans were

most alundant in summer (300 individuals per m2 ).

Cther organisms found at this site includes Siligua patula

29 individuals per m2 in autumn; and Dendraster excentricus, 50

p
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Table 9. Composition, by percent, of benthic invertebrate community
by station and season at Whitcomb Flats, Grays Harbor,
Washington, 1980-81.

Bottom1  Side

Organism Spring- Summer Autumn Winter Spring Sunnr Autumn Winte

CRUSTACEA

Archaeomysis grebnitskii -- -- 15 5 -- 0 -- 2
Eohaustorius sp. 0 0 0 0 6 14 5 1
Mandibulophoxus gilesi 10 0 -- 0 0 0 0 -
Paraphoxus milleri -- -- 15 5 18 24 20

ANNELIDA

Hesionidae 0 10 0 0 0 0 0
Magelona sacculata 38 -- 0 19 53 16 7 1
Mediomastus sp. 0 65 0 -- 5 -- -- 0
Nephtys longosetosa -- 0 6 -- -- 0 -- --
Ophelia limacina -- -- 41 6 -- 8 15 7
Scoloplos armiger 0 0 0 15 0 12 -- --

Spio, a T sp. 31 -- -- 35 5 -- 20 18

MOLLUSCA

Cryptomya californica -- 7 -- 0 -- -- 0 --
Siliqua (patula) 0 -- 0 -- 0 -- 9
Tellina nuculoides -- 0 6 0 -- 6 0 --

OTHER

Dendraster excentricus 0 0 0 -- 0 0 5 --
Nematoda 0 0 6 0 0 0 0 0

All else 21 18 11 15 13 20 28 18

TOTAL STATION2

ABUNDANCE 1,365 2,070 1,700 310 1,050 805 405 460

1 Bottom and side of navigation channel.

2 Mean numbers of individuals per m2.

"-" = less than 5 percent

"0" not present
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Table 10. Composition, by percent, of benthic invertebrate community,
by season present at the Deepwater Disposal Area, Grays
Harbor, Washinpton, 1980-81.

Bottom1

SOrganism Spring Summer Autumn Winter

CRUSTACEA

Archaeomysis grebnitzkii -- 0 10 6

Paraphoxus milleri 0 0 -- 9

ANNELIDA

Glycera capitata 0 13 -- --

Hemipodus borealis 0 0 0 9

Hesionidae 1, unid. 0 0 -- 9

Magelona sacculata 66 0 28 4

Ophelia limacina 6 6 35 --

Scoloplos armiger 4 0 -- --

MOLLUSCA

Tellina nuculoides -- 0 -- 4

OTHER

Dendraster excentricus -- 0 -- 15

Nemertea -- 38 -- 19

All else 24 43 27 25

TOTAL STATION
2

ABUNDANCE 730 800 1,010 340

1 Bottom depth only existed here.
2

2 Mean number of individuals per m

= less than 5 percent

"0" = not present
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individuals Der m2 in winter. Lowest abundance occurred in winter

(340 organisms per m 2 )(Fig. 38).

South Jetty

The dominant orFanism at the South Jetty was the barnacle

(Balanus sp.), which formed a dense cover over cobbles, larger

gravel and old clam shells. Sand accumulated between barnacles

and in the spaces inside dead barnacles. These, along with shells,

Drovided a new habitat at this site.

Other important organisms at this site include: amphipods

Paraphoxus spinosus, Parapleustes pugettensis, members of the

family Tschyroceridae, and the polychaetes Syllidae sp., Bulalia sp.

and Phyllodoce maculata (Table 11).

Abundances of all faunal groups peaked in spring and were

lowest in winter (Appendix C, Table 12; Fig. 39, 40 and 41).

Peak numbers of most species occurred during spring,

with rnxirur densities as follows: Ealanus sp. 26,930;

Paraphoxus spinosus 1,050; Syllidae sp. 700; Farapleustes

ST. 700; Tschyroceridae sp. 1,650; Eulalia sp. 1-700 and

2
Phyllodoce maculata 1,400 individuals per m
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Table 11. Composition, by percent, of benthic invertebrate community
by season at the South Jetty, Grays Harbor, Washington,
19RO-3l.

Bottom1  Bottom (excluding barnacles)

Organism Spring Summer Autumn Winter S pring Sumer Autumn Winter

CRUSTACEA

Balanus sp. 68 86 87 84 0 0 0 0
a-prella, all sp. 3 0 -- 0 10 0 -- 0
Diastylopsis 1, unid. 0 0 1 0 0 0 7 0
Ischyroceridae, all sp. 4 2 1 0 13 12 5 0

Paraphoxus spinosus 3 4 3 3 9 27 22 17
Parapleustes(pugettensi s? 2 2 1 0 6 15 11 0

ANNELIDA

Armandia brevis -- -- 2 1 -- -- 14 9
Capitella sp. 0 0 -- 2 0 0 -- 13
Eulalia l, unid. 2 1 -- 1 6 10 -- 9
Limrineridae, all sp. 1 -- 0 0 4 -- 0 0
Pleanotus bellis 1 0 1 0 3 0 5 0

Phyllodoce maculata 4 0 -- 2 11 0 -- 13
Svllidae, all sp. 2 2 -- 3 6 12 -- 22

OTHER

Pycnogonida, all sp. 1 0 0 0 3 0 0 0
Nemertea 3 -- -- -- 9 -- -- --

All else 6 3 4 4 20 24 36 17

TOTAL STATION2

ABUNDANCE 39,430 14,825 10,715 1,460 12,300 2,070 1,415 230

1 Bottom depth only existed here. 2
2 Mean numbers of individuals per m 2

..... less than 5 percent

S0 w none present
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Diversity

Intertidal

In general. for all intertidal sites, diversity values were

lowest at the 2.14 m station (Fig. 42). Diversity was inversely

related to elevation above MLLW. This did not hold for the Moon

Island site where diversity was highest at the 1.22 m station.

The diversity at the MLLW station on the Moon Island site may have

been lower because of the dynamic nature of the substrate at this

station. Siltation and erosion occurred throughout the year.

This activity seemed to be related to dredging activity adjacent

to or upstream from the site.

Diversity increased sharply at the 2.14 m stations on site

N:C and NI during summer and fell sharply during fall (Appendix E,

Table 1). Diversity was most similar at the same stations between

sites in autumn and most dissirilar in summer (Fig. 42). This

occurred because of a reduction in both species and numbers of

individuals/species in winter. This may have been related to site

location, as those sites located most seaward showed highest reductions.

Subtidal

In Feneral, a pradient existed from lower diversity values

ir tr.e inner harbor to higher diversity values in the outer harbor(Fig. 43).

* Values ranped from a low of .100 at Cosmopolis, side of the

channel stat.nn in winter, to 3.002 at South Jetty in spring

*t (Appendix L, Table 2). At Cow Point, the channel bottom had
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higher H* values than the side; at Whitcomb Flats the channel

side had higher H* values than the bottom. At other sites where

samples were collected both at the channel bottom and channel

side, the area having the highest H* values varied with season,

however, diversity values generally peaked in autumn on both the

side and channel bottom stations. Diversity was generally lowest

in spring before starting to increase.

Some fluctuations of diversity values at some sites were

possibly caused by dredging activity at or near that site. Abundance

was the key component in fluctuations in diversity values, especially

at ineer harbor sites. Inversely, abundance had less affect at sites.

DD and SJ where species richness dramatically increased ( Appendix G,

Table 15).

Low salinity probably contributed to low diversity at Cosmopolis

subtidal stations. Factors affecting the somewhat higher H* values i

autumn might be decreased dredging activity, changes in the relative

proporations of species abundances due to reporductive patterns and

mortality, and population response to higher salinity values at inner

harbor sites.

* I95
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Abundance

Intertidal

In sprink, the Marsh Establishment Site had the highest

abundance of invertebrates. During all other seasons, Cow Point

had hiahest abundance (Fig. 44). Moon Island had the lowest

abundance during each season. In general, moving either east or

west from the site of highest invertebrate abundance (the Narsh

Establishment Site in spring and Cow Point in all other seasons),

total abundance steadily decreased.

Annelids were the most important faunal group contributing

large populations to the benthic invertebrate community. This

group contributed 30-RO% of the total at every site (Fig. 45).

The 2.14 m stations penerally had the highest density of

invertebrates; the only excertion was at the Mvarsh Establishment

Site, where the 1.22 m station had the highest density of inverte-

brates. This resulted from distribution of annelids, which ex-

hibited a similar pattern of peak abundance to that described

above and the numerically dominant faunal group at the 2.14 m

station. At 1.22 m, annelids were normally the numerically domi-

nant group, while crustaceans were also abundant. At the MLLW

stations, crustaceans were the numerically dominant group at all

sites except Moon Island. However, while crustaceans constitute

a larger percentage of the total density of invertebrates at MLLW,

they do not always reach peak densities at this station. Annelids

and crustaceans acount for at least 98% of the total number of organisms

found at all sites except Moon Island, hwere clams accounted for 14%

of the total.

96

- -~ .A....d.09



400,000-

S3001000 SPRING, 1980

I -~_ s.M-A , 1980

20 0 / .\ ...... WINTER, 1981
2009000..

100,000 ""

SITE

TOTAL NUMBERS

Figure 44.Total abundance of invertebrates

by season for all intertidal sites, Grays

Harbor, Wa. 1980-81.

2O0~O00(2229576)
2009000- 56

I.'
150,000 - SPRING, 1980

....-- ER, 1980
- AUTUtMNI 1980

I.." WINTER, 1981

/\~K
50,000" "

SITE
ANNELID ABUNDANCE

Figure 4 5,Total abundance of annelids by

season for all intertidal sltes, Grays

Harbor, Wa, 1980-8. 9

97



Seasonal patterns of abundance varied according to site.

Cosmopolis and Cow Point both had peak abundances in summer,

while the other sites peaked in different seasons. When

total number of organisms at all sites is considered, peak

abundance occurred during summer, and the lowest abundance

occurred during spring.

Subtidal

The channel-side station at Cosmopolis had the highest

abundance of invertebrates during each sampling period except

spring, when the channel-bottom station had a slightly higher

abundance (Figure 46). Other stations which generally had high

abundances were the channel-bottom at Cosmopolis and the channel-

side at Moon Island. South Jetty also had high numbers of

organisms including barnacles. Stations with consistently low

abundance or organisms included the channel-side stations at the

Crossover Channel and Whitcom Flats, the Deepwater Disposal site,

and the channel-bottom station at Moon Island.

High abundances of invertebrates at Cosmopolis and Moon

Island channel-side stations corresponded with high numbers of

Corophium spp. At Cosmopolis, Corophium spinicorne, which

98
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normally attaches it's tubes to the sides of cobbles and gravel,
2

was found to number between 30,300 and 39,300 per m . At M1oon

Island, 3 species of Corophium were present: C. brevis, C.

salmonis, and C. spinicorne. However, the abundance of Corophium

at this station fluctuated drastically with season. Density of

Corophium spinicorne was extremely high at the Cosmopolis channel-

bottom station in winter. During the remainder of the sampling

periods, the high numbers of invertebrates at this station was

related to the high number of oliaochaetes.

Patterns of crustacean and annelid ahundance were

similar to those of total abundance. Stations in the inner

harbor area (from toon Island eastward) generally had higher

numbers for both faunal arouos (Fipures A7 Aa 4R). This was

especially true for annelids, which was perhaps related to the

abundance of fine sediments and corresponding high percentages of

total volatile solids found at inner harbor stations.

Abundance of clams showed large fluctuations among

stations (Fig. 49). No clams were found at the Cosmopolis site.

Salinity was apparentlv too low fnr clams t-n recrularlv occur at

Cosmopolis Site.
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Biomass

Intertidal

Biomass measurerents tended to fluctuate drastically among

core samples. This reflects the patchy distributions of most

invertebrate populations. Additionally there was often little

correlation between station or site abundance and biomass. For

example, Cow Point had its highest seasonal abundance of organisms

during summer, at the same time biomass was lowest. Such

patterns can occur as a result of the appearance of large numbers

of juveniles or smal) organisms during a particular season which

contribute little biomass.

Total biomass (both infaunal and epifaunal) was highest at

Cow Point and lowest at Cosmopolis durinF each season,

except in winter, when biomass of invertebrates was slightly

lower at Yoon Island than Cosmopolis. Biomass of the remaining

sites varied with season. Moon Island generally had a lower

total biomass of invertebrates than the arsh Establishment and

N'arsh Control sites (Appendix D, Tables 1-5). When epifauna are

excluded from biomass computations, highest biomass occurred in

spring, while lowest biomass occurred during summer. When epi-

fauna (barnacles, fish, crabs, and shrimp) are included, total biomass

was highest in summer, attesting to the important contribution of

epifauna (primarily barnacles) to biomass, especially at Cow Point.
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While clams were an important component of the biomass at

Moon Island, Marsh Establishment, Marsh Control sites and the MLLW

station Cow Point site, it is difficult to accurately assess their

biomass from core samples. If biomass of clams per unit area are

computed from box sample data rather than core samples, the contri-

bution of clams to total biomass becomes much more significant,

especially at Moon Island. Using this method, Moon Island was

the site with the highest total biomass during all four sampling

periods (Figure 50). Clam biomass is attributed mainly to Mya

arenaria., Cosmopolis site, which has no Macoma blathica or Mya

arenaria, had the lowest total biomass in each season. Cow Point,

which had no clas at the 1.22 m and 2.14 m stations, had total

biomass values similar to those of Marsh Establishment and Marsh

Control Sites.

No clear trends in biomass were evident throughout inter-

tidal sites oy ejevation. Three sites had highest biomass at the

2.14 m stations (Cow Point, Marsh Establishment Site, and Marsh

Control Site), while the remaining 2 sites had highest biomass

at the MLLW stations.

Total biomass tended to be highest in winter and lowest in

summer when biomass of clams calculated from box sample data

was used for total biomass figures. Biomass of clams was

highest at sites with highest salinity (Moon Island, Marsh Estab-

lishment Site, and Marsh Control Site), and were most abundant at

F. 105
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the 2.14 m and MLLw stations. At these sites, clams were the

major contributor to total biomass. As a result, there was

a general trend toward increasing total biomass as salinity in-

creased (Fig. 49). Biomass of annelids was fairly constant from

site to site (Fig. 51). Biomass of crustaceans was generally low

on all sites, except at the 1.22 m and 2.14 m stations at Cow Point

(Fig. 52), where large numbers of Gnorimosphaeroma luteum were

found.

Subtidal

Total biomass of infaunal organisms (e.g., barnacles, crabs,

and shrimp excluded) showed no clear trends from river mouth to

harbor entrance (Figure 53). There were substantial fluctuations

in total biomass from one sampling period to the next. Exceptions

were the Cosmopolis channel-side station, which had high biomass

2during all 4 sampling periods (greater than 9.9 g per m ), and the

Whitcomb Flats channel-side, and Deepwater Disposal stations, which

had very low biomass (less than 6 g per m 2) throughout the year.

Necks from several large clams were collected at the South Jetty

indicating the presence of a large clam population. Since this popu-

lation was not sampled, biomass at this station was probably under-

estimated. When barnacles, crabs, and shrimps are included in total

biomass calculations, highest tiomass occurred at Cosmopolis channel-

side and South Jetty with one exception. The exception was

107



BIOiSS - I

30 /SPRING, 1980
No SUMMER, 1980

L. - AUTUIJ, 1980

..... WINTER, 1981

20

10

U G M MC MI

SITE

Figure 51.Total annelid biomass by season for all inlertidal sites, Grays Jarbor,
Washington, 1980-81. High-Spring 82.6 9/m Low-Winter 61/1 /m ,

SPRING, 1980

: / \. -,SER 1980

11 
- . AUTUMN, 1980

50 ./ \

/ k*.f../

U CP M MC MI

SITE

Figure 52. Total crustacean biomass (excluding barnacles) by season for all
intertidal sites, Gras Harbor, Washington, ,980-81.
High-Autumn 243.6 g/m Low-Sunmer 108.7 9/m

108



437.97
(76.75 excl.

Lg. Clinocardium) . Spring, 1980
Summer, 1980

:... . Autumn, 1980

5U Winter, 1981

* * " ".. . . . .

40:

30

30

CAI I I I l I

M .9

( Station

SFigure 53. Invertebrate biomass (g per M ) excluding barnacles,

crabs, and shrimp, for subtidal stations, Grays Harbor,

Washington, 1980-81.

109



chanrel-bottom station at the Cross-over Channel site durina

* winter, which had the highest biomass of any subtidal station

during any season (438 g per m2). The bulk of this biomass was

*contributed by a single large cockle. However, this station

had high biomas even without inclusion of this cockle (361 g).

Since most clams are long-lived organisms relative to

infaunal crustaceans and annelids, they may be rore sensitive to

impacts by dredging. At sites affected by dredging, only one

large clam was found. At Cosrcpolis, 3 clams (Iacoma sp.) were

found in autumn. At the channel bottom, however, biomass was

negligible (.Olg/m2).

Total biomass was highest in winter and lowest in summer.

This pattern held true regardless of whether or not epifauna

was included in the comoutations (Pinure 54)_

Biomass of annelid was highest in winter, largely due to occurrences

of high biomass of annelids at 2 stations (the Cosmopolis channel-

bottom and Cross-over Channel channel-bottom stations). However,

6 stations had their highest biomass of annelids in autupmn Jfic. 55).

Biomass of annelids was lowest during spring and summer. The

outer harbor sites (Whitcomb Flats, Deepwater Disposal, and South

Jetty sites) all had consistently low biomass of annelids (less

than 3.6 g per m2 ), while 6 of P inner harbor stations had at
least one season where biomass of annelids was greater than 10 g

per m2. This trend may in part be due to the inability of the
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van Veen grab to sample sand and cobble sediments efficiently.

Biomass of infaunal crustaceans was generally lower than

that of annelids. High biomass of crustaceans at the Cosmopolis

channel-site station was due to the abundance of Corophium

spinicorne at that station (Fig. 56 and 57 ).

Barnacles made important contributions to biomass at 2 sites:

South Jetty and Cosmopolis channel-side stations. Other

faunal groups made significant contributions to biomass (greater

than 1 g per m2 ) on only 4 occassions: 1) Crossover Channel or

channel-bottom station during winter and autumn (5.65 and 3.23 g

per m 2 , respectively), due mostly to nemerteans; 2) the Whitcomb

Flats channel-bottom station in autumn (3.63 g per m 2), due to

sand dollars and nemerteans; and 3) at the Cosmopolis channel-

bottom station during spring (1.29 p per m 2 ) due to nemerteans

and ega masses.
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Multivariate Analysis

Intertidal

Spring: The dendrogram for the spring intertidal sampling

broke into 3 primary groups (Fig. 58). The first group (Group A)

consisted of all the Cosmopolis and Cow Point stations. Salinity

may have been the major factor causing this groupinp. These

stations were those most heavily influenced by freshwater flow.

The substrate at most of these stations contained coarse sediments

(sand and gravel); however, the 2.14 m station at Cosmopolis,

consisted primarily of silt, indicating sediment type was perhaps

not as important in terns of clusterinp as salinity. This group

is sub-divided into 2 sub-Frroups, the 1.22 m station at Cow

Point cnmprisinp 1 sub-group and the other 5 stations the

second sub-group. The strtions in Group A were characterized

by high abundances of i1anayunl'ia aestuarina, Corophium spinicorne,

and oligochaetes. Except CP 1.22 m station, the invertebrate com-

moinity here was dominated by the crustaceans Engammarus confervi-

colos and Gnorimosphaerama luteum. Groups B and C contained the

stations occurring in more saline areas. These stations generally

also had finer sediment types (fine sand, silt, and clay). Groups

B and C snlit roughly according to station elevation, with Group

B containinp higher stations.
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Summer: The dendrogram for summer intertidal sampling broke

into 3 main grups, 2 of which could reasonably be broken into

sub-groups. Group A contained all the Cosmopolis and Cow Point

stations, with the exception of the MLLW station at Cow Point.

Again, these stations were characterized by low salinity and,

except for the 2.14 m station at Cosmopolis, had a significant

gravel or cobble component in the sediment. The MLLW station at

Cosmopolis was separated from the rest of the stations in the

group, forming a separate sub-group. This was caused by the

abundance of the annelid worm Polydora hamata at this station,

which was not a major component of the benthic community at any

other station. Gropps B and C contain stations characterized

by higher salinity. The MLLW station at Cow Point was an exception

to this pattern. Group B. can be divided into 2 sub-groups.

Stations in sub-group 1 contain soft (primarily silt and clay), un-

consolidated sediments. Stations in sub-group II, the 3 Moon Island

stations, were the western-most of the intertidal stations and

therefore, had the highest salinities. In addition, sediments

here had a sign ificant sand component and were compact and firm.

Group C included MLLW stations from Marsh Establishment and Cow

Point Sites. High numbers of barnacles were present on both these

stations. Presence of gravel and cobble substrate on these sites

is believed to be the primary reason for high barnacle populations.
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Autumn: Three major groups occurred in the dendrogram for

autumn. All stations in Group A, with exception of the MLLW station

at Cow Point, are from more saline sites. The 2.14 m station at

Moon Island represents a separate sub-group within Group A, and

appears to be a fairly unique station. Sediment at this station

was fine and while sediments at other stations were either finer;

(substrate at MI-1.22 Mc-1.22, MC-MLLW, and M-1.22 stations were

silt and clay) or were coarser M-MLLW, CP-MLLW, MI-MLLW were

cobble and gravel). The invertebrate community at CP-MLLW station

was composed of 3 species belonging to 2 groups of polychaete worms

and clams. All other stations in this group had more diverse commu-

nity structures. Group B contains the 2.14 m stations from all

sites with the exception of Moon Island. All these stations had

extremely high abundances of Manayunkia aestuarina. Thus, eleva-

tion seemed to play an important role in determining station

groupings during autumn. Group C contained the mid and lower

intertidal stations from Cosmopolis and Cow Point, witt the

exception of CP-MLLW. All these stations were characterized by

low salinity and large gravel and/or cobble fractions in the

sediment. Few barnacles occurred at these stations.
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Winter: The dendrogram for winter sampling period was

the most difficult to interpret. Five station groups were

identified. Group A contained the 2.14 m and 1.22 m stations

at Cosmopolis, Cow Point, and Marsh Establishment Sites, and

the 2.14 m station at Marsh Control Site. A combination of salinity

and elevation is the basis for grouping these stations together.

Stations in the other groups were linked together by high dissimi-

larity values, so their groupings are somewhat more tenuous. The

2 stations in Group B seem difficult to tie together. Perhaps

the most obvious common factor in this group was presence of

hard-packed sediments with a thin film of soft silt and clay over-

laying them.

Group C included the MLLW stations at Cow Point and Cosmopolis.

These stations had similar substrate types consisting of cobble,

gravel, sand, and mud. High river flows during winter probably

reduced salinity at Cow Point to near zero, comparable to salinity

at Cosmopolis. Group D contained only lower elevation stations

from the westernmost sites. Group E contained only the 2.14 m

station at Moon Island, which was the only intertidal station

with a fine sand substrate.

Summary: Salinity, elevation and sediment type all appear

important in determining the arrangement of clusters. The re-

lative importance of each factor changes with the season. Salinity
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appeared to be extremely important during spring and summer,

while elevation appeared to be most significant during autumn

and winter. Perhaps this occurred because of seasonal changes

in tidal flux from daytime low tides and hot weather during

slummer, to nighttime low tides and colder weather during winter.

High freshwater flows from the Chehalis River greatly reduced

salinity throughout the inner harbor area during winter,

diminishinF differences in salinity between sites, and reducing

the importance of salinity in determining clusters during winter.

The WI-2.14 station was, perhaps, the most unique,having high

dissimilarity values year round. Probably as a result of the

uinioue and stable sediment present on this site, as this was

the only station with a substrate composed primarily of fine

sand.

The clustering technioue employed in this study is most

irfherced by the distributions of numerically dominant species.

'he nclychaete Vanavyjnkia aestuarina and the amphipods Corophium

spp. were therefore important in the grouping of stations. The

distr~bution of T'anayunkiq appeared to be influeuced tnore bv

salinity and elevation than changes in substrate. Distribution

of Corophium spinicorne and Corophium salmonis appeared to be

influenced stronqlv bv sediment tvDe, as well as elevation and

1
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salinity. Other organisms which were important in affecting

the pattern of clustering were obligochaetes, the polychaete

Streblospio benediciti, and the clam Macoma balthica.
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Multivariate Analysis

Subtidal

Spring: Two major station groups were apparent from the

dendrogram for the spring sampling (Fig. 59). These groups cor-

responded well with geographic location within the harbor.

Group A constituted the outer harbor stations, wit' the single

exception of the channel-side station at Moon Island. Group B

encompassed the remainder of the inner harbor stations.

The stations within each group had high dissimilarity values,

thus, the groupings do not represent any great likenesses in

benthic community composition. Within each group, however, certain

stations formed more closely related sub-groups. One sub-group in

Group A contained stations having high salinity and sediments

composed primarily of sand. The polychaete Magelona sacculata

was the dominant organism at each station in this sub-group. The

sub-group including X-S and X-B, stations had similar sediment

composition and salinity regimes. The invertebrate community

at MI-S was dominated by Corophium especially C. brevis. Barnacles,

however, were the most abundant invertebrate at the South Jetty site.

The first sub-group in Group B contained 2 stations which both had

high percentage composition of oligochaetes and the polychaete

Streblospio benediciti. The remaining stations in this group were

dissimilar enough to each be considered in a sepaLate sub-group.

The 3 remaining stations had only 1 or 2 species components to

their invertebrate community structure. C-B was almost exclusively

populated by Oligochaetes (90% of total population). The inverte-

brate community at C-S consisted of Corophium spinicorne and
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Fipure 59. Cluster analysis dendograms for subtidal stations,
by season, Grays Harbor, Washington, 1980-19p1.
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Polydora hamata, 78 and 12% respectively of the total population.

Station CP-B consisted of Polydora ligni, 76% of total, plus mis-

cellaneous organisms.

Summer: Dissimilarity values were generally higher in summer

than during any other season. However, if the dendrogram is broken

down on a gross level, 2 groupings are evident. Group A contains

4 sub-groups: two of these sub-groups contain the stations from

the innermost portions of the harbor, where low salinity predomi-

nates. The other sub-groups contain stations farther out into the

harbor, where salinity is higher. Most surprising is the inclusion

of the South Jetty station in this group. This primarily resulted

from large numbers of barnacles at both the South Jetty and the

Cosmopolis channel-side stations.

Group B is comprised of those outer harbor stations whose

sediment type consisted of fine sand. During summer the benthos

at these stations was characterized by the polychaetes Ophelia

limacina, Euzonus mucronata, and Magelona sacculata, and the

amphipod Paraphoxus milleri.

1
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Autumn: Dissimilarity levels were still high during autumn.

Thus, all stations had somewhat unique benthic communities. Two

major groups are apparent in the dendrogram. Group A contained

the inner harbor stations, including both stations at the Crossover

Channel site. Four sub-groups were present in Group A. The

arrangement of stations into sub-groups was quite different than

that resulting from the summer sampling. X-B station was the most

interestinp in this respect. The invertebrate community was

dominated by entirely different organisms in summer than in fall

(Table 8). For example, Corophium spinicorne accounted for 36% of the

population in summer and was totally absent in the autumn.

Similarly 3 species contributed 5% or more to the total population

during fall and yet were not found during other seasons

(Table P). Similar changes in the biota of other stations can be

noted, although X-B illustrates the seasonal variability

that occurs within this harbor. Group B was comprised of the outer

harbor stations. The high dissimilarity of the South Jetty

station to the other stations in this group necessitated the

designation of 2 sub-groups. The South Jetty station was qrouied

with the other outer harbor stations.
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Winter: Dissimilarity levels were lower during winter than

any other season. Three station groups were apparent. Group A

contained all the inner harbor stations except the 2 Cosmopolis

stations. Group B contained 3 of the 4 outer harbor stations (the

2 Whitcomb Flats and the Deepwater Disposal Site stations), as well

as the channel-side station from the Crossover Channel. This lat-

ter station was largely incorporated into this group because of

influx of the amrhipod Paraphoxus milleri. It was dissimilar enough

from other stations in this group to be considered in a separ-

atp sut-Froun by itself. Stations in this group were characterized

6 or 7 species each supplying less than 20% of the total

population. Group C contained the 2 Cosropolis stations and the

South Jetty station. The Cosmopolis stations had extremely

high numbers of the amrhipod Corohium spinicorne, while the

Cosmcnoli7 channel-side and South Jetty stations had an abun-

dance of brnrnacles.

Surmary

The subtidal stations generally had higher dissimilarity

values than the intertidal stations. Thus, subtidal stations

rossess more unique benthic communities. This is not unuaial

considering the wider geographic area covered by the subtidal

saimple stations relative to the intertidal sample stations.

Dissimilarity levels gradually increased during the spring and

surmer samplings, before decreasing in autumn and winter. The reasons

for this pattern are unknown. The cause may lie in a variety of
p
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factors, both biotic (e.g., reproductive and distributive patterns of

key species) and abiotic (e.g., salinity regimes).

The most consistent pattern of station grouping over the four

sampling periods was the breakdown into inner harbor versus outer

harbor stations. Three of the four outer harbor stations (the

Whitcomb Flats stations and the Deepwater Disposal Site station)

clustered fairly closely during each season. While salinity

differences between the inner and outer harbor probably account for

much of the difference in benthic community structure, many other

factors are confounded with the salinity gradient. Examples are

decreasing silt and increasing sand fractions in the sediments,

decreasing percentage of total volatile solids, decreasing pollution

and increasing wave exposure moving from east to west along the

navigation channel. The importance of substrate type is illustrated

by the position of the South Jetty and Cosmopolis channel-side stations

in the summer and winter dendrograms, where presence of barnacles

were significant in making these stations less dissimilar.

Had barnacles been excluded from the cluster analyses, the South

Jetty station would have consistently clustered with the other outer

harbor stations.

Generally, the Cosmopolis, Cow Point, and Moon Island stations

comprised the inner harbor stations. Whitcomb Flats, Deepwater

Disposal Site and South Jetty (especially when barnacles were excluded)

stations constituted the outer harbor stations. Oceanic influences

predominated at outer harbor stations, where absence

of strictly estuarine species such as Corophium spp., Eogammarus spp.,
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Mya arenaria, and Macoma balthica was evident. Instead, species

"adapted" to more saline waters such as Dendraster excentricus,

Siliqua sp., Archaeomysis grebnitzskii. and Magelona sacculata

began to crop up at these stations.

The stations at the Crossover Channel site represented the

transitional zone between inner and outer harbor environments.

Species which occurred only in the inner harbor, and others occurr-

ing only in the outer harbor inhabited the substrate at this site.

These stations tended to switch back and forth between inner and

outer harbor groups depending upon the season.

Distributions of the nuerically dominant species actually

follow a series of overlapping ranges (Table 12) determined by

salinity, sediment size, volatile solids, pollution, or any other

gradients occurring along the length of the navigation channel.
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Table 12. Higrhest percentage of benthic invertebrate community

occupied by each species during the entire year,

Grays Harbor, 1980-1981.

UPRIVER (EAST) ( SITE ) (WEST) TO OCEAN

Organism C CP M MC MI X WF DO SJ1

CRUSTACEA

Corophium spinicorne 91 43 8 16 12 36 0 0 0

Balanus sp. 8 73 52 0 0 5 0 0 87

Gnorimosphaeroma luteum 5 44 0 0 0 0 0 0 0

Eogammarus conifervicolus 0 43 0 0 0 0 0 0 0

Leucon l, unid. 0 42 9 53 9 0 0 0 0

Corophium brevis 0 20 0 0 85 0 0 0 0

Corophium salmonis 0 0 20 35 49 0 0 0 0

Cumella 1, unid. 0 0 0 0 15 0 0 0 0

Paraphoxus milleri 0 0 0 0 0 23 24 9 0

Eogammarus, all sp. 0 0 0 0 0 18 0 0 0

Corophium 1, unid. 0 0 0 0 0 14 0 0 0

Lamprops, Hemilamprops, or
Mesolamprops sp. 0 0 0 0 0 10 0 0 0

Archaeomysis grebnitzkii 0 0 0 0 0 6 20 10 0

Eohaustorius sp. 0 0 0 0 0 0 14 0 0

Mandiboluphoxus gilesi 0 0 0 0 0 0 10 0 0

Paraphoxus spinosus 0 0 0 0 0 0 0 0 27

Parapleustes (pugettensis) 0 0 0 0 0 0 0 0 14

Ischyroceridae, all sp. 0 0 0 0 0 0 0 0 13

Capirella, all sp. 0 0 0 0 0 0 0 0 10

Diastylopsis 1, unid. 0 0 0 0 0 0 0 0 7

ANNELIDA

Oligochaeta 97 72 12 31 45 21 0 0 0

Manayunkia aestuarina 83 87 89 81 31 0 0 0 0

Polydora hamata 47 0 0 0 0 0 0 0 0

Polydora ligni 0 76 0 0 45 27 0 0 0

Streblospio benedicti 0 58 23 58 57 11 0 0 0

Hobsonia florida 0 12 43 0 0 0 0 0 0

Polydora kempi japonica 0 0 0 9 0 0 0 0 0
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Table 12. (continued)

UPRIVER (EAST)( SITE )(WEST) TO OCEAN

Organism C CP M MC MI X WF DD SJ

ANNELIDA (continued)

Pygospio elegans 0 0 0 0 74 0 0 0 0

Heteromastus filiformis 0 0 0 0 49 0 0 0 0

Glycinde drmigera 0 0 0 0 43 0 0 0 0

Eteone longa 0 0 0 0 17 0 0 0 0

Glycinde picta 0 0 0 0 15 38 0 0 0

Armandia brevis 0 0 0 0 0 22 0 0 14

RNphtys longosetosa 0 0 0 0 0 20 6 0 0

Scolelepis squamata 0 0 0 0 0 20 0 0 0

Nephtys sp. 0 0 0 0 0 18 0 0 0

Chaetozone spinosa ? 0 0 0 0 0 11 0 0 0

Paraonidae 0 0 0 0 0 6 0 0 0

Mediomastus sp. 0 0 0 0 0 0 65 0 0

Magelona sacculata 0 0 0 0 0 0 53 66 0

Ophelia limacina 0 0 0 0 0 0 41 35 0

Spio, all sp. 0 0 0 0 0 0 35 0 0

Scoloplos armiger 0 0 0 0 0 0 15 4 0

Hesionidae 0 0 0 0 0 0 10 0 0

Glycera calitata 0 0 0 0 0 0 0 13 0

Hemipodus borealis 0 0 0 0 0 0 0 9 0

Hesionidae 1, unid. 0 0 0 0 0 0 0 9 0

Syllidae, all sp. 0 0 0 0 0 0 0 0 22

Capitella sp. 0 0 0 0 0 0 0 0 13

Phyllodoce maculata 0 0 0 0 0 0 0 0 13

Eulalia 1, unid. 0 0 0 0 0 0 0 0 10

Paleanotus bellis 0 0 0 0 0 0 0 0 5

Lumbrineridae, all sp. 0 0 0 0 0 0 0 0 4

MOLLUSCA

Macoma balthica 0 17 19 22 50 0 0 0 0

Mya arenaria 0 0 0 0 30 0 0 0 0

Macoma sp. 0 0 0 0 0 84 0 0 0
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Table 12. (continued)

UPRIVER (EAST) 4 - SITE )(WEST) TO OCEAN

Organism C CP M MC MI X WF DD SJ

MOLLUSCA (continued)

Siliqua (patula) 0 0 0 0 0 0 9 0 0

Cryptomya californica 0 0 0 0 0 0 7 0 0

Tellina nuculoides 0 0 0 0 0 0 6 4 0

OTHER

Nemertea 0 0 0 0 0 5 0 38 9

Nematoda 0 0 0 0 0 0 6 0 0

Dendraster excentricus 0 0 0 0 0 0 5 15 0

Pycnogonida, all sp. 0 0 0 0 0 0 0 0 3

l Percents are from the data set which excludes barnacles, except for
value.
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CONCLUSIONS AND RECOMMENDATIONS

The current maintenance dredging program appears to cause

slightly depressed levels of abundance and biomass. However, there

are several reasons why such an interpretation should be viewed

with caution:

1. It was not known if the location sampled was directly

affected by dredging. The highest observed biomass

occurred during winter at the channel-bottom station of

the Crossover Channel. Included in the sample was a 72 g

cockle (Clinocardium nuttallii), which was 2 to 3 years

old. This sample may have been taken from a location left

undisturbed for several years.

2. If one excludes abundance and biomass data for obvious

epifaunal species (e.g., crabs, shrimps, and barnacles)

the resulting lower biomass and abundance values at South

Jetty site obscure any trends regarding impacts associated

with maintenance dredging, and subsequent disposal of

dredged materials.

3. Channel-bottom invertebrate communities are irregularly

distributed (Albright and Rammer, 1976). The widely

variable values for abundance and biomass tend to mask

changes in these parameters caused by dredging.

4. Dredging activity had no discernable effect on either biomass

or abundance of invertebrates in those reaches subject to

maintenance dredging during 1980 (Figure 60).
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5. No conclusions can be drawn from comparisons of the

channel-side versus channel-bottom stations. Not only do

these areas represent different habitats, but the extent

of disturbances other than dredging to the channel-side

(from sloughing, propwash, or natural sediment movement)

are unknown. The substrat, at Cow Point Channel Side

Station (CP-S) underwent drastic changes between sample

periods. Invertebrate populations exhibited large fluctu-

ations in biomass at this station. Substrate at Cosmopolis

Channel Side Station (C-S) was physically stable over time.

The consistently high abundances and biomass at this station

may reflect importance of stability to the benthic community.

Impacts of Channel Widening and Deepening

Loehr and Collias (1981) conclude that the proposed widening

and deepening of the navigation channel will have no significant

impact upon water charactertistics. Density and salinity stratifi-

cation, natural phenomena in estuaries, will be accentuated in the

inner harbor by the proposed dredging project. (Loehr and Collias,

1981).

We expect the majority of the fauna living on the channel

bottom and side will be adversely affected by an activity of the

magnitude of the deepening and widening project. However, no

organisms present will be killed. Surviving invertebrates

would provide a source of juveniles for recolonization of
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the newly exposed sediments. Recolonization would also be aided

by immigration from intertidal and subtidal areas adjacent to the

navigation channel. Since dredginv could not be performed simul-

taneously throughout the navigation channel, those areas not yet

dredged would contribute juveniles and mobile adults for

recolonization of recently dredged areas.

A key factor determining the extent of impact from a physical

disturbance such as dredging is the length of time required for

recolonization. Swartz et al. (1980) found that recovery from

dredging of a previously pristine area in Yacuina Bay took nearly

a year. YcCauley et al. (1977) found that the benthic community

in Coos Pay took only 28 days to recover from maintenance dredging

activity. The authors in the latter study concluded that frequent

disturbances in the Coos Bay navigation channel (such as

maintenance dredging and propwash) had resulted in a channel

fauna adapted to unstable habitat conditions.

1.7cCall (1977) concluded that communities in shallow, soft-

bottom sediments exhibit patchy distributions due largely to

localized physical disturbances. Once an area was disturbed

(partially or comrletely defaunated), certain "opportunistic"

species were found to be highly proficient at colonizing the site.

Such oFportunistic species were found to have particular life

history traits which rreatly facilitated their ability tc colonize

disturbed areas. In estuaries where maintenance dredging and
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other activities associated with shipping, such as propwash,

continually disturb the sediments, the benthos will probably be

comprised lhrgely of opportunistic species, which could readily

exT)lcit newly created habitat. Cliver et al. (1977) found that

recovery time of the benthos in Donterey Eay from the impacts of

dredFed material disposal was directly related to the degree of

natural stress (or disturbance) the site was subjected tc before

disposal of dredged material. Thus, the prior history of dis-

turbance is important in determining the rate of recovery of the

tenthic community. Oliver et al. (1980) found that larvel poly-

chaetes and mobile crustaceans were the primary colonizers of

disturbed sites in Monterey Bay and Ioss Landing.

Grays Harbor presents a situation similar to that

in Coos Pay. The fauna in the navigation channel is subjected to

frcouert distirbance/stress. In inner Grays Harbor, maintenance

drcdo;, shinnint activity, pollution, large-scale sediment move-

ment, qnd fluctuations in salinity are some of the disturbances

with which the fauna must cope. In outer Grays Harbor, wave action,

dredFinrr, and shippinF actvities cause frequent disturbances to

the fauna.

Soveral of the species which dominate the channel fauna in

Grays Harbor are opT:ortunistic species (Table 14). In addition,

other species, such as Paraphoxus milleri are closely related to

other opportunistic species which may mean that they are also
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Table 13. Grays Harbor benthic species described in literature as
being opportunistic.

Species Literature

Corophium spp. Albright & Rammer, 1976; Swartz
et al., 1980

Streblospio benedicti McCall, 1977; Williamson et al., 1977
Aandia brevis Oliver et al., 1977; Swartz et al., 1980
Ophelia limacina Williamson et al., 1977
Polydora kempi Williamson et al., 1977
Polydora ]jy4 Williamson et al., 1977
Macoma balthica Swartz et al., 1980
Parapleustes pugettensis Swartz et al., 1980

1
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orportunistic species. Fost, but not all, opportunistic species

are small, tube-dwelling surface-deposit feeders, whose popula-

tions exhibit patchy distribution patterns in space and time.

The communities in which they are abundant have an uncomplicated

structure.

rost studies dealina with dredging effects have dealt

prirarily with acute impacts. Bella and Williamson (1980) have

attempted to nrovide a "diarnosis" for identifying potential

chronic impacts. The encoura pment of stratification which would

result from deepening the navigation channel could lead to an

increased rate of siltation in the channel. If this occurred,

the result riFht be greater stress to channel-bottom fauna.

Fowever, this would probably not lead to ma,4or shifts in community

structure because existing invertebrate community is highly

qdapted to a stressful environment.

Loss of intertidal habitat represents a potentially far

more serious imoact to the benthic community than the actual

deepeninp of the current channel bottom. A total of 2 acres of

intertidal habitat will be changed to shallow subtidal habitat.

This will occur across the channel froni the Cow Point Site at

the eastern tip of Rennie Island.
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Comparisons between abundance and biomass at intertidal

versus subtidal sample locations was hampered by the use of dif-

ferent sampling gear and techniques. Greater abundance and biomass

at intertidal sites is partially explained by the increased

efficienty of intertidal sampling methods. However, it does not

seem reasonable that such large differences are due entirely to

different sampling methods. Thus, it appears likely that a net

reduction in both biomass and abundance will result in the navi-

gation improvement project. The intertidal environment at Cow

Point is fairly stable, The channel bottom exhibited substantial

environmental fluctuations between sampling periods, indicating

a dynamic, less stable situation. Dredging would likely cause a

net reduction of numbers of Corphium spinicorne. The loss of this

important food organism would affect its predators.

The proposed widening of the navigation channel would also

probably encroach upon intertidal areas between Cow Point and a

point immediately west of the tip of Moon Island. Along this

reach, the intertidal area drops off directly into the navigation

channel. Permanent loss of intertidal habitat would probably cause

a significant loss of abundance and biomass of invertebrate

organisms. The largest portion of the loss in biomass would be

caused by loss of habitat for soft-shell clams. The quantity

of intertidal habitat that could be lost along this reach is

unknown.
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%lest of Noon Island, widening the navigation channel

would result in loss of shallow subtidal habitat adjacent to

the navipation channel. The impact of this loss is unknown.

However, scarcity of clams in the navigation channel west

of the Crossover Channel Site may indicate that there would be a

significant drop in overall biomass caused by loss of this

shallow subtidal habitat. This possibility is supported by

qualitative sampling in the lower intertidal area at Whitcomb

Flats, where moderate numbers of cockles v:ere found (Albright and

Rammer, 1976). Other clams which could be expected to occur in

these shallow subtidal areas are horse clams (Tresus spp.) and

bent-nose clams (Iacoma nasuta).

Impacts of dredging could be partially mitigated through

proner timin of dredgin- activity. While biomass of invertebrates

was often low during the summer, abundance was often high. This

wqs due to the larpe numbers of juveniles in the population.

Eredrinr during late winter and early sprinp, before the appearance

of juveniles which could recolonize the newly exposed sediments,

right minimize recovery time of the benthos. However, many of the

opnortunist~c species (e.g., Corophium spp., Streblospio benedicti,

p
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Vacoma balthica) inhabiting the navigation channel breed several

times per year. Thus, the timing of dredginp is less critical

than if a pristine area were being dredged.

The IVarsh Establishment Site has been named as a possible location

for the creation of a saltmarsh using dredged materials. ine project

if constructed would affect an estimated 16 hectares of intertidal area.

Site Y had relatively high numbers of individuals and biomass.

tiost of the disposal for marsh creation would occur in the upper

and mid-intertidal region. A previous study on the impact of

dredged material disposal on intertidal benthos in Grays Harbor

indicates that the majority of benthic invertebrates would be

lost to initial disposal at the rarsh creation site (Albright

and Rarmer, 1976). Key species eliminated would include Corophium

salmonis, rVanayunkia aestuarina, and Macoma balthica.

The loss of invertebrates would be mitigated by recolonization

over much of the marsh establishment area, especially by E anayunkia,

which prefer higher elevation sites. In addition, increased

primary productivity, once the marsh plants become established,

may increase secondary production in the adjacent benthic habitats.

New configuration of the intertidal area at Site M resulting

from dredged material disposal may affect adjacent intertidal

areas through alteration of current flow patterns. As discussed

by Fella and 'Williamson (l9O), reduced current flows could likely

cause a reduced flushinp rate and rate of sediment turnover (RST),
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thus causing an increase in the organic content of sediments (OCS).

Possible results of such chanpes might include an increase in

hydrogen sulfide in the sedirents and an increase of free sulfides

in the water. Such impacts would adversely impact benthic popula-

tions. According to Bella and Williamson (1980), such changes

would result from the shift out of an eauilibrium state of the OCS-

RST Dlane.

The Niarsh Control site will remain unchanged by the proposed

dredping activities.

Comments on impacts to various reaches will be discussed in

greater detail by navigation channel reach. (Fig. 61):

1. Cosmonolis

To comment on possible impacts to organisms and habitat within

the South Aberdeen Reach and South Aberdeen Turning Basin proposed

dredginil areas, Cosmopolis site data will be used.

SliFhtly more than 16 hectares

of additional habitat will be disturbed in South Aberdeen Reach.

This is a 67% increase in amount of disturbed bottom in this reach

(Crdycke, rersonal communication, 19811). The newly exposed sub-

strate is expected to be composed of more sand and less mud (i.e.,

silts and clys), (Coburn, personal communication, 19812). It is

1 USF,;S [cological Services, Olympia, Washington 98502.

2 CCE Seattle District, Seattle, Washington.
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expected that orpanic content of the newly-exposed sediments will

be lower at least initially. Salinity will be basically the same.

Species diversity, abundance and biomass are expected to be

lower immediately after dredging. Corophium spinicorne, an oppor-

tunistic species is expected to recolonize the newly exposed

bottom. Corophium feeds by processing water for its detritus

content, and is particularly abundant in estuaries where salinity

is reduced and siltinp is heavy (Kozloff, 1973). Since the

Chehalis River upstream of the South Aberdeen Reach will not be

dredFed, it is expected that deposition, of sediments, by the

river will remain about the same.

Other invertebrates found in Cosmopolis subtidal invertebrate

assemblaFes that are expected to recolonize are: oligochaetes,

Folydora hamata and the polychaete Nereis limnicola.

2. Cow Point

Dredging in the Aberdeen and Cow Point Reaches, the Cow Point

Turning Basin, and the eastern 3/5ths of the Hoquiam Reach combined

affect the greatest amount of undisturbed subtidal acreage in the

estuary. Slightly more than one hectare (2 acres) of intertidal

habitat will be lost from the south side of the channel. The

actual areas presently disturbed and those proposed to be disturbed

by reach (Alan Coburn, CE, Personal comm.) are:

1. Aberdeen Reach: 16.19 ha present - 18.21 ha proposed,

2. Cow Point Reach: 12.13 ha present - 2.02 ha proposed,
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3) Cow Point Turning Basin; 3.24 ha present - 3.24 ha

proposed, and

4) Hoquiam Reach - east 3/5-th's; 37.64 ha present -

1.21 ha proposed.

Salinity will stay within the present range, stratification

would be accentuated durinF mean river flow. Thus, exposure time

to extremes of low and high salinity could be longer than at

present. 1More sand and less clay and silt is expected on

newly-exposed bottoms at inner harbor reaches west and

Crossover Reach.

Because the spionid Polydora ligni thrives where sediments

are overturned frenuently and where sawdust and wood debris

abound (!cCauley et al., 1976), populations will probably decline

after cor ]etion of the project until wood debris again becomes

a major corponent of the substrate. The wood fraction is assumed

to be frnr loi-export activity nearby. Past practices of allowirg

wood debris to go into the river is no longer permitted, however.

Streblosoio benedicti right initially recolonize these

reache alonp with CoroDhium and oligochaetes. S. benedicti was

an irrortant opportunist and recolonizer in a Long Island Sound

infauna. study (tcCall, 1977). LcCauley et al. (1976) concluded

that S. benedicti is well adapted to estuarine sediments that are

subject to freauent chanFe either from continual disturbance by
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currents or harbor activity or from continual deposition of

overlying sediment.

3. Moon Island

Dredging the eastern 4/5-th's of the koon Island Reach and

the western 2/5-th's of the Hoquiam Reach will Aaetrnv some

intertidal habitat. 40.47 hectares in the eastern portion of the

Yoon Island Reach is dredged now. The proposed project would add

an additional 12.95 hectares after deepening and widening.

Twenty-five hectares are currentlv dredaed in the western portion

of Hoquiam Reach. An additional .81 hectares would be

added after deepening and widening. There will be a loss of some

intertidal habitat in the western half of this reach. The channel

bottom is proposed to be 15.25 meters wider here. Because of the

wide, rently slopinp intertidal region in this area and its'

close proximity to the current channel side, some slouqhinq

is expected. Populaticns of Glycinde spp. are expected to decline

after dredring and be replaced by Corophium spp.

4. Top of the Crossover Channel

Twenty-three oercent more hotti-m ArPA ic eectce to ',e is-

turbed in Crossover Reach after deeneniny AnA wi n4 t' (a tetl of

75 hectares). Three additional hectares in Mnnn lnA peach

will be disturbed after deenPnin- n..'i 4 exing (P 2 incrpeqe). The
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total area disturbed along this stretch of the channel would

increase from 71 hectares to 78 hectares if widening and

deepening occurs.

The polychaete Armandia brevis is an opportunist already

oresent at this site. This organism showed dramatic larval

recruitment after the final dredging at a Yaquina Bay site

(Swartz, R.C. et al., 1990). Since Armandia iappears to thrive

despite maintenance dredging in Grays Harbor, populations should

recover quickly after arEdging.

5. Whitcomb Flats

The Whitcomb Flats site will be used to address possible

impacts to the South Reach. A total of 83 hectares of sub-

tidal habitat would be disturbed by this project. This total

does not include areas near Whitcomb Flats where sloughing of the

shallow-subtidal area between F[LLVI and the top of the present

channel-side may occur.

After widening and deepening, ocean-derived sands are

expected to constitute the new bottom and recolonization is

expected to occur from surrounding undredaed habitat. Impacts to

crustacean populations should be minimal. Irpacts to annelids

and clams are expected to be more pronounced. Magelona appears

to do well where the substrate is disturbed by either natural or

man-made phenomena. Populations of immobile species like Siliqua

and Dendraster will be drastically reduced by the project. Fopu-

lations of these species will take much longer to recover as
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they are species requiring a stable environment.

rMaintenance dredging activities in this reach may preclude

recovery of these organisms.

6. DeeDwater Disposal Site

At the Deepwater Disposal Area the present benthos was dis-

turbed by dredged material disposal throuhout the study. Abundance

and biomass was consistently lower than most other subtidal

stations.

With the proposed dredging, increased amounts of dredged

material would be disposed of here. This will probably lower

still further, abundance and biomass of benthic invertebrates.

Also affected would be some amount of benthos in the path of

bottom sediment moving from the disposal area tcwards Damon Point

and North Bay.

Species expected to recolonize with least difficulty are

Magelona sacculata, Ophelia limacina, nemerteans, Archaeomysis

arebnitzkii and Paraphoxus milleri.

7. South Jetty - Entrance Reach

The Entrance Reach will not require maintenance dredging. Howevero

the South Jetty s'te might be used for dredged material disposal

(Ron Tlom, rerzcnal cormunicationl). If this is done, a benthic

fauna similar to that of the Deepwater Disposal site will

probably develop.

1 ACCE Seattle District, Seattle, Washington.
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Covering the cobble, shell and gravel substrate at this

site would eliminate the barnacle population. [,,any orranisms

associated with these barnacles (such as amphipods and

polychaetes) would also be destroyed. In addition, covering the

cobble, gravel and old clam shells would reduce the biological

importance of this site by eliminatinF much of the epifauna

dependent upon this substrate (e.g., juvenile rock crabs,

caprellid amphipods, mussels, nudibranchs, pycnogonids, chitons,

etc.). Paraphoxus, a sand burrower (Smith and Carlton, 1975),

and the opportunistic polychaete Ophelia limacina are expected to

be key species in recolonization.

Suri-ary

Subtidal and intertidail sites will be largely defaunated if

directly disturbed by daedginr or disposal. Cther sultidal and

intertidal areas will be affected primarily by slcughinr of sub-

strate into the channel. Total defaunation will occur at the

proposed t"arsh Lstablishment site if the marsh establishment project

is constructed.

We believe natural disturbances (waves, wind, tides, etc.)

are areater than disturbances caused by dredging and disposal at

stations not directly affected by widening and deepening.
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Whether an organism will be able to recolonize depends mainly

upon it's life cycle, it's mobility throughout the life cycle,

and it's reproductive capacity. The more resiliant opportunistic

organisms such as Corophium, Streblospio, Armandia, Ophelia,

Pgraphn.u.s, etc. are expected to recolonize disturbed areas

auickly.

,ecommendation

Mitigatior of impacts to the benthos may be achieved by

dred-inp in late winter or early spring: February thru April.

This is based on the conclusion that large numbers of juveniles

entering the system in spring would lead to quick colonization

of exposed sediments.

I
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RECOMMENDATIONS FOR FURTHER STUDY

1. Some studies after the proposed deepening and widneing project

is completed should be done to study recolonization. Little

information about recovery of or secondary impacts on benthic

invertebrate populations is available.

2. If dredging is to take longer than one year, observations of

the benthos should be made once-a-year in late spring at the

sites sampled in this study. This would provide information

numbers of mature adults available to "seed" dredged areas for

recolonization and cumulative dredging effects.

3. The possibility of using an alternative grab sampler for sub-

tidal sampling should be investigated.

4. If the South Jetty site is used as a disposal area, a closer

look should be taken at clam populations present (e.g., Tresus

sp.) and the epifaunal organisms which appear to contribute

a large amount of biomass to the invertebrate community at

this site.

5. We also recommend sampling (lower-intertidal) locations with

both subtidal and intertidal collection methods to compare

efficiencies. At least one soft-bottom and one hard-bottom

site should be sampled. This will give much more meaning to

comparisons of intertidal vs. subtidal information.
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APPENDIX A

Benthic Invertebrates Species

Collected in Grays Harbor, 1980 - 1981
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Cnidaria

Unid sp.

Porifera

Unid. sp.

P1 atyhelmi nthes

Unid. spp.

Nemertea

Tetrastenna 1,unid.
Unid. sp.

Nema toda

Unid. spp.

Chaetognatha

Unid. sp.

Annel ida

01 igochaetes

Abarenicola 1, unid.

Armandia brevis
Baran-tolla americana

Caielacapitata
Caitll dizonata
Unid. CapitelTlida-e
Chaetozone spinOsa
Chone ecaudata

Eteone ion a
Eteone 1, unid.
Eulalia 1, unid.
Eulalila 2, unid.
Euzonus iucronata

Glycra Ecoj-iviMu-t
iid.Gycerldae

G Eci e pcta

Goniadidae, Uid. sp.
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Annel ida (continued)

H-em podus borealis
Heionidae 1 nd

Heteromastas fil1form~i s
Hobsonia florida
Lumbrineridae, unid. sp
Lumbrineris zonata

Macrelorlasacculata
Malacoceros (fuLigSinosus?)
Mala erqs 1, unid.
Manayunkia aestuarina
Medioniastus 1, unid.

Np4 caeca
1~h5s(californiensis?)

Nephtys longesetosa

Nereis lininicola
Nereis vexillosa
Nereis sp.
Ophelia limacina
Opheliidae, unid. sp.
Orbinia sp.
Orbiniidae, unid. sp.
Paloanotus bellis
Pa eanatus 6c-cidentale
Par-aonidae, unid. sp.
Pholoe minuta
Phyllodoce mac-ulata
Phyll doce 1, unid.
Phyllodoce sp.
Pol1y ora brachycephala
ojydor columbiana
!LPydora hamata
Polydora keiii japonica
Polydora ligni
Polydora sp.
Polynoidfae, unid. sp.
Pygospio elegans
Samytha californiensiS?
Scolelepis squamata
Sco e episitiid
Sco op os acmeceps
Sol los armiger
Spio utleri
Spio MI'iTEonis
Spio sp.
Spionid M

Spir~idae, unid. sp.
Spiophanes bombyx.
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Annelida (continued)

reopj benedicti

Syl 1idae 1, unid.
Syllidae, unid. sp.

The] enessa spinosa?

Unid. sp. M

Moll1usca
-Bivalves-

Cooperella sp.
Corbicula sp.
Clam sp.
Clinocardium ciliatum
C 1 in oc ardi'um nutt~alij-1
C 1i noca rdium s p.
Crtorn a californica
Maco ba-al thica
Macoma (inuiat)
Macoma nasuta
Macoma 1, und.
Macoma sp.
Mo-diolus rectus
Myaarenaria
MYte_1i_1dae, unid. sp.
M ilu edulis

Teln nuculoides
Tellina 2, unid.

Tresus sp.

-Other mollusca-

Hanleya 1, unid.
Odostomia 1, unid.
Nudibranchia 1, unid.
Nudibranchia 2, unid.

* Nudibranchia 3, unid.

Echinodermata

Dendraster excentricus

Arthropoda
-Crustacea-

Acanthornysis macropsis
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Arthropoda (continued)
-Crustacea-

Ampithoidae, urid. sp.
Ancinus (granulosus)
Anisogamniarus pu ettensis
Archaeomysis grebnitzskii
Balanus crenatus
Balanus gadl
Balanus -sp.
Ca~ii~dea, unid. sp.
Callianassa californiensis
Cancer magister
Cancer productus
Capr e incisa
Coprel Ia I1, unid
Capr6TTMdea, unid sp.
Caridea mysis
Clausidium vancouverensis
Corophiui brevis
Corophium salmonis
Corophium spinicorne
Corophium p
Corophium 1, unid.
Crangon franciscorum franciscorum
Crangon niqricauda
Crangonidae, unid. sp.
Curnacea, unid. sp.
Cumella 1, unid.
Cyclopoida, unid. sp.
CLmadua _uncinata
Diastylis 1,unid.

Eoganimarus confervicolus
Eogammarus oclairi
Eogamniarus sp.
Eohausterius spp.

Gammaropsis or Megamphopus
Gnorimosphaerama uem
Gnorimosphaerama oregonense
Harpacticoida (Scottolana canadensis)
Ischyro,.eridae 1, unid.
Ischyroceridae sp.
Jassa 1, unid.
Lamprops, He1iamrps, or Mesolamiprops
Leptochel-ia duib

Leucon 1, unid.
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Arthropoda (continued)
-Crustacea-

Madbulopexu~s g4is

Orchestia traskiana
Orchestia sp.
Orchestoidea sp.

Oxyurost uis 1, unid.
Paguruis 1, nid.
Paraphoxus milleri
Paahou spinosus
Paraphoxus sp.
Parapleustes (pugettensis?)
Podocerus sp.
Saduria entomon
Synchel idTimshoemakeri?)
Tanais 1, unid.
Upogebia pugttensis

- Insecta-

Anurida maritima
Insect, 7iiiYdarva I
Insect, unid. larva 2
Insect, unid. larva 4
Entomobr a 1, unid.
Insect larva M

-Chel icerata-
Achelia nudiuscula
Amniothella 1, unid.
Nvmnhon 1, unid.
Type 2, uni d.
Pycnogonid sp.

Ectop roc ta

Ectoprocta, unid. sp.
Entoprocta, unid. sp.

Pisces

Pholis ornata

UnTd-fish embryo
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Appendix B

Grain Size and Total Volatile Solids Analysis

of Sediments Collected in Grays Harbor, 1980.

1
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Table 1. Results of grain size analysis of samples from all benthic sampling
sites, Grays Harbor, 1980.

Sediment size,>2000q 2 0 00-50 0 . 500-62 . 62-4A <4k
Coarse

Gravel Sand Fine Sand Silt Clay
Site Elevation Spr Sum Spr Sum Spr Sum Spr Sum Spr Sum

C Channel Bottom 60.51 4.4 30.4 57.72 9.1 37.9

C Channel side 97.0 1.0 0.9 0.6 0.5

v C MLLW 62.5 20.8 12.3 3.4 1.0

C +1.22 m 69.5 10.8 17.0 0.7 2.0
C +2.14 m 17.7 65.2 17.0

CP Channel Bottom 99.2 4.1 0.4 29.9 0.2 55.0 0.1 11.0 0.1

CP Channel side 23.1 4.2 15.4 17.1 42.7 61.7 14.2 21.1

CP MLLW 2.2 7.5 61.4 24.8 4.0

CP +1.22 m 15.0 6.8 32.0 39.2 6.9

CP +2.14 m 87.3 3.0 3.7 4.7 1.2

M MLLW 25.3 31.1 4.5 30.1 24.9 10.7 60.1 2.7 10.5

M +1.22 m 0.3 22.0 29.2 66.4 57.3 11.6 13.2

M +2.14 m 1.4 4.1 90.8 79.2 7.8 16.7

MC MLLW 4.6 5.7 83.8 80.1 11.6 14.2

MC +1.22 m 5.7 11.0 79.5 69.6 14.6 15.2

MC +2.14 m 4.9 1.7 84.1 81.4 11.0 16.9

II Channel Bottom 0.5 1.8 0.4 39.7 64.5 48.6 27.6 9.3 7.5

MI Channel side 3.5 7.8 0.4 48.0 18.1 30.9 64.7 9.8 16.7

MI MLLW 0.3 27.7 60.9 11.1

MI +1.22 m 0.4 26.0 64.9 8.7

MI +2.14 m 1.7 84.3 2.7 11.3

U

0 X Channel Bottom 7.2 17.6 8.7 10.2 62.4 46.0 16.2 20.5 5.4 5.6
c
SX Channel side 0.2 65.2 96.9 24.3 1.8 10.4 1.0

0
0

4-)
WF Channel bottom 1.8 1.9 2.4 93.8 97.5 0.5 1.9

%A WF Channel side 0.6 0.6 96.6 99.0 1.1 0.3 1.7 0.1
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Table 1. (continued)

Sediment size,>2000e 2000-500x( 500-62k 6 2-4 ( 44/(

Coarse
Gravel Sand Fine Sand Silt Clay

Site Elevation Spr 'Sum Spr 'Sum Spr Sum Spr Sum

DD Bottom 3.7 0.8 31.3 99.2 65.0

SJ Bottom 87.5 3.8 8.5 0.2 0.2

1Pcrcentaae of sample occupied by each size class (by weight).

2 inaerlined values denote largest fraction by site and season.
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Table 2. Total volatile solids of sediment samples from all benthic
sampling sites, Grays Harbor, 1980.

PercentiTotalVolatile Solids

Seasons Spring Summer
Site Elevation Sample 1 Sample 2 Sample 1 Sample

C Channel Bottom 1.68 2.01

C Channel Side 4.68

C MLLW 2.12 5.26

C +1.22 m 10.09 14.75

C +2.14 m 7.65 8.75

CP Channel Bottom 5.53 1.29

CP Channel Side 8.84 8.82

CP MLLW 3.41 8.96

CP +1.22 m 6.41

CP +2.14 m 27.05

M MLLW 5.67 5.80 4.71 6.65

M +1.22 m 5.91 6.21 6.31 6.77

M +2.14 7.17 9.60 9.89 10.12

MC MLLW 7.29 8.25 5.99 7.20

MC +1.22 m 7.81 8.82 6.18 6.27

MC +2.14 m 8.59 10.22 8.75 9.55

MI Channel bottom 8.16

MI Channel Side 4.85 7.20

MI MLLW 4.54 6.61

MI +1.22 m 3.81 4.96

MI +2.14 1.60 2.36

X Channel Bottom 5.32 2.53

X Channel Side 3.52 2.14

WF Channel Bottom 1.12 1.22

WF Channel Side 1.21 1.21

DD Bottom 1.23 1.29

SJ Bottom 1.72

* 1 rercentage of weight of sarple occupied by total volatile solids.
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Appendix C

Abuidance of Benthic Invertebrates

170



Table 1. Density 9er m 2 at each intertidal station by general
category, at Cosmopolis, 1980-1981.

Season
Elevation Category Spring Summer Autumn Winter Total

MLLW Crustacea 9,242 25,909 18,545 9,545 64,241

Annelida 6,970 28,485 8,182 3,182 46,819

Mollusca -0- 151 -0- -0- 151

Other 152 455 303 -0- 910

TOTAL 16,364 55,000 .3,030 12,727 112,121

1.22 Crustacea 757 6,212 4,091 1,061 12,121

Annelida 19,849 38,940 8,485 34,091 101,365

Mollusca -0- -0- -0- -0- -0-

Other 606 151 -0- 303 1,060

TOTAL 21,212 45,303 !2,576 35,455 114,546

2.14 Crustacea 152 303 1,515 -0- 1,970

Annelida 30,455 26,061 49,394 8,636 114,546

Mollusca -0- -0- -0- -0- -0-

Other 151 -0- 758 1,212 2,121

TOTAL 30,758 26,364 51,667 9,848 118,637

Elevation in meters to mean lower low water.

171

--

L ind .. . I -- I ' -
"

- 1 1 l III - -I . . . . . . . . . . I . . . . ... . . . . . .



AD-AI16 376 WASHINGTON STATE DEPT OF SAME ABERDEEN F/6 13/2
GRAYS HARBOR AND CHEHALIS RIVER IMPROVEMENTS TO NAVIGATION ENVI--ETC(U)
APR 82 R ALBRIGHT, P K BORITHILETTE OACW67-BO-C-OO91UNCLASSIFIED NL

END

So



Table 2. Density per m 2 at each intertidal station, by general
category, at Cow Point, 1980-1981.

levation CaSeason

E Category Spring Summer Autumn Winter Total

MLLW Crustacea 29,697 85,152 10,606 18,333 143,788

Annelida 9,242 3,030 10,303 5,909 28,484

Mollusca 152 303 152 152 759

Other -0- 455 151 152 758

TOTAL 39,091 88,940 21,121 24,546 173,789

1.22 Crustacea 10,455 12,273 3,333 5,152 31,213

Annelida 1,515 2,727 1,364 3,030 8,636

Mollusca -0- 152 -0- 151 303

Other -0- -0- -0- -0- -0-

TOTAL 11.970 15,152 4,697 8,333 40,152

2.14 Crustacea 1,970 23,636 45,303 45,000 115,909

Annelida 42,879 216,819 152,728 121,364 533,790

Mollusca -0- -0- -0- -0- -0-

Other 454 455 -0- 455 1,364

TOTAL 45,303 240,910 198,031 166,819 651,063

Elevation in meters relative to mean lower low water (MLLW).
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Table 3. Density per W2 at each station by general category,at the ?'arsh Establishment site, 19P0-19I.

Season

Elevation Category Spring Summer Autumn Winter Total

MLLW Crustacea 1,818 11,970 455 1,970 16,213

Annelida 3,031 4,697 1,515 6,667 15,910

Mullusca 1,515 909 303 1,818 4,545

Other -0- -0- -0- -0-

TOTAL 6,364 17,576 2,273 10,455 36,668

1.22 Crustacea 4,242 6,364 4,091 1,364 16,061

Annelida 96,970 48,485 15,606 62,728 223,789

Mollusca 1,364 -0- 152 151 1,667

Other -0- -0- 151 454 605

TOTAL 102,576 54,849 20,000 64,697 242,122

2.14 Crustacea 5,455 4,9242 11,364 8,485 30,228

Annelida 21,515 27,083 48,485 60,758 157,841

Mollusca 151 -0- -0- 151 302

Other -0- -0- 151 -0- 151

TOTAL 27,121 32,007 60,000 69,394 188,522

1 Elevation in meters relative to mean lower low water (MLLW)

2 Data derived from 4 core camples only.
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Table 4. Density per m at each station by general category,
at the ?,arsh Control site, 1980-1981.

Season
ElevationI  Category Spring Summer Autumn Winter Total

MLLW Crustacea 1,212 1,364 7,121 758 10,455

Annelida 1,970 2,273 3,485 1,212 8,940

Mollusca 909 151 303 454 1,817

Other -0- -0- 455 -0- 455

TOTAL 4,091 3,788 11,364 2,424 21,667

1.22 Crustacea 1,364 1,364 7,424 4,697 14,849

Annelida 4,848 8,636 12,425 7,273 33,182

Mollusca 909 1,667 -0- 1,212 3,788

Other -0- -0- 303 -0- 303

TOTAL 7,121 11,667 20,152 13,182 52,122

.214 Crustacea 2,121 7,727 35,455 6,818 52,121

Annelida 83,637 11,970 77,425 42,273 215,305

Mollusca 152 303 151 455 1,061

Other -0- 152 303 -0- 455

TOTAL 85,910 20,152 113,334 49,546 268,942

Elevation in meters relative to mean lower low water (MLLW).
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Table 5. Density per m2 at each intertidal station by general

category, at Ioon Island, 1980-1981.

Season

Elevation Category Spring Summer Autumn Winter Total

MLLW Crustacea 5,303 4,091 303 5682 10,265

Annelida 909 7,121 1,667 1,136 10,833

Mollusca 606 1,667 1,060 568 3,901

Other 152 -0- -0- 190 342

TOTAL 6,970 12,879 3,030 2,462 25,341

1.22 Crustacea 1,061 1,667 2,121 5,303 10,152

Annelida 2,121 1,212 4,394 3,788 11,515

Mollusca 758 454 909 606 2,727

Other 151 -0- 152 152 455

TOTAL 4,091 3,333 75,76 9,849 24,849

2.14 Crustacea 1,364 454 151 -0- 1,969

Annelida 28,030 2,879 2,879 1,970 35,758

Mollusca 606 1,061 2,576 2,727 6,970

Other -0- -0- -0- 152 152

TOTAL 30,000 4,394 5,606 4,849 44,849

Elevation in meters relative to mean lower low water (MLLW).

2 Data derived from 4 core samples only.
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Table 6. Density per m2 at the bottom and side of the navigationchannel, by general category, at Cosmopolis, 1980-1981.

Season

Elevation Category Spring Summer Autumn Winter Total

Bottom Crustacea 300 850 350 12,000 13,500
Annelida 38,755 1,050 39,495 3,800 83,100

Mollusca -0- -0- 60 -0- 60

Other 1,350 400 685 -0- 2,435

TOTAL 40,405 2,300 40,590 15,800 99,095

Side Crustacea 36,680 30,300 39,100* 39,300 145,380

Annelida 3,500 4,700 4,900* 100 13,200

Mollusca -0- -0- -0-* -0- -0-

Other 250 -0-* 200 450

TOTAL 40,180 32,250 44,000* 39,600 159,030

1 Data derived from one van Veen grab sample.
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Table 7. Density per m2 at the bottom and side of the naviga-
tion channel, by general category, at Cow Foint, 1980-81.

Season

Elevation Category Spring Summer Autumn Winter Total

Bottom Crustacea 185 2,755 1,155 105 6,200
Annelida 1,530 7,650 6,900 5 16,085

Mollusca -0- 300 850 15 1,165

Other 65 -0- -0- 5 70

TOTAL 1.780 12,705 8,905 130 23,520

Side Crustacea 35 50 250 30 365
Annelida 605 1,350 2,400 620 4,975

Mollusca 130 50 50 30 260

Other -0- -0- 50 10 60

TOTAL 770 1,450 2,750 690 5,660
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Table P. Density per m2 at the bottom and side of the navigation
channel, by general category, at 1Voon Island, 1980-81.

Season
Elevation Category Spring Summer Autumn Winter Total

Bottom Crustacea 65 200 50 170 485

Annelida 400 450 650 785 2,285

Mollusca 65 50 300 165 580

Other -0- -0- -0- -0- -0-

TOTAL 530 700 1,000 1,120 3,350

Side Crustacea 25,605 650 5,650 460 32,365

Annelida 1,215 400 5,650 1,680 8,945

Mollusca 50 200 400 310 960

Other 50 50 50 150

TOTAL 26,920 1,300 11,700 2,500 42,420
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Table 9. Density per m2 at the bottom and side of the navigation
channel, by general category, at the Top of the Cross-
over Channel, 19FRO-l9111l.

Season
Elevation Category Spring Summer utumn Winter Total

Bottom Crustacea 70 350 1,410 235 2,065
Annelida 425 200 1,350 720 2,695

Mollusca 180 -0- 100 100 380
Other 15 -0- 100 210 325

TOTAL 690 550 2,960 1,265 5,465

Side Crustacea 10 -0- 150 275 435
Annelida 40 350 650 150 1,190

Mollusca 285 150 150 50 635

Other 5 -0- -0- 15 20

TOTAL 340 500 950 490 2,280
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'Table 10. Density per m2 at the bottom and side of the navigationchannel, by general category, at Whitcomb Flats, 1980-81.
~Season

Elevation Category Spring Summer Autumn Winter Total

Bottom Crustacea 280 110 660 40 1,030
Annelida 1,030 1,750 850 255 3,885
Mollusca 25 205 150 5 385
Other 30 5 00 0 145

TOTAL 1,365 2,070 1,700 310 5,445

Side Crustacea 265 305 145 150 865

Annelida 715 445 205 230 1,595
Mollusca 60 55 30 60 205
Other 10 -0- 25 20 55

TOTAL 1,050 805 405 460 2,720

1
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Table 11. Density per m 2 at the bottom, by general category,
at the Deepwater Disposal site, 198O-1991.

Season

Elevation Category Spring Summer Autumn Winter Total

Bottom Crustacea 45 50 160 75 330

Annelida 630 400 770 105 1,905

Mollusca 35 -0- 35 20 90

Other 20 350 45 140 555

TOTAL 730 800 1,010 340 2,880
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Table 12. Density per m2 at the bottom by peneral category,
at the South Jetty, 1980-19P1.

Season
Elevation Category Spring Summer Autumn Winter Total

Bottom Crustacea 32,130 13,875 9,995 1,270 57,270
(Barnacles(ancles Annelida 5,050 675 485 160 6,370
included)

Mollusca 450 205 145 20 820

Other 1,800 70 90 10 1,970

TOTAL 39,430 14,825 10,715 1,460 66,430

Bottom Crustacea 5,000 1,120 695 40 6,855
(Barnacles Annelida 5,050 675 485 160 6,370
not
included) Mollusca 450 205 145 20 820

Other 1,800 70 90 10 1,970

TOTAL 12,300 2,070 1,415 230 16,015
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Table 15. Number of species present and density per m2 of all
benthic invertebrates on all subtidal stations by
season at Grays Harbor, Washington, 1980-1981.

SPRING SUMMER AUTUMN WINTER

Bottom Side Bottom Side Bottom Side Bottom Side

COSMOPOLIS
Number of Mean 8.0 6.5 5.5 9.0 7.5 8.0. 7.0 " 5.0
Species S.D.2  1.4 2.1 3.5 1.4 2.1 ... ... ...

C3 .18 .32 .64 .16 .28 ... ... ...

Number of Mean 40,405 40,180 2,300 35,250 40,590 44,000* 15,800* 39,600*
Individuals S.D. 4,405 17.169 2,546 6,152 51,209 ... ... ...

C .11 .43 1.11 .17 1.26 .........

COW POINT
Number of Mean 12.5 4.0 11.0 3.5 14.0 3.5 3.5 7.5
Species S.D. 2.1 1.4 2.8 2.1 1.4 .7 .7 3.5

C .17 .35 .25 .60 1.0 .20 .20 .47

Number of Mean 1.780 770 12,705 1,450 8,905 2,750 130 690
Individuals S.D. 2,022 891 8,620 1,768 3,528 3,323 71 28

C 1.14 1.16 .68 1.22 .40 1.21 .55 .04

MOON ISLAND
Number of Mean 7.5 13.0 5.0 6.5 6.5 13.0 8.0 13.0
Species S.D. 3.5 7.0 1.4 5.0 .7 4.2 1.4 .3

C .47 .54 .28 .77 .11 .32 .18 .23

Number of Mean 530 26,920 700 1,300 1,000 11,700 1,120 2,500
Individuals S.D. 14 37,024 141 1,131 0 4,950 962 1,556

C .03 1.38 .20 .87 0 .42 .86 .62

TOP OF THE CROSSOVER CHANNEL
Number of Mean 5.5 6.5 4.0 4.5 14.0 8.5 16.0 18.0
Species S.D. 2.1 3.5 1.4 .7 0 2.1 2.8 5.7

C .38 .54 .35 .16 0 .25 .18 .32

Number of Mean 690 340 550 500 2,960 950 4,150 490

Individuals S.D. 721 198 71 0 905 71 5,303 283
C 1.04 .58 .13 0 .31 .07 1,28 .58

WHITCOMB FLATS
Number of Mean 13.0 18.5 8.0 9.5 6.5 13.5 10.0 11.5
Species S.D. 2.8 3.5 2.8 2.1 3.5 .7 2.8 .7

C .22 .19 .35 .22 .54 .05 .28 .06

Number of Mean 1,365 1,050 2,070 805 1,700 405 310 460
Individuals S.D. 191 127 2,305 417 1,697 120 127 156

C .14 .12 1.11 .52 1.00 .30 .41 .34
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Table 15. (continued)

SPRING SUMMER AUTUMN WINTER
Bottom Side Bottom Side Bottom Side Bottom Side

DEEPWATER DISPOSAL SITE
Number of Mean 15.0 6.0 17.0 11.5
Species S.D. 0 1.4 2.8 .7

C 0 .23 .16 .06

Number of Mean 730 800 1,010 340
Individuals S.D. 778 424 198 28

C 1.07 .53 .20 .08

SOUTH JETTY
Number of Mean 27.0 11.5 20.0 13.0*
Species S.D. 2.8 3.5 19.8--

C .10 .30 .99--

Number of Mean 39,430 14,825 10,715 1,460 4
Individuals S.D. 4,907 20,754 14,163--

C .12 1.40 1.32--

Number of Mean 12,300 2,070 1,415 230 4
Individuals S.D. 2,546 2,729 1,153--
(without C .21 1.32 .81--
barnacles)

1Elevation: Bottom and side of navigation channel

2 S.D. = Standard deviation

3C=Coefficient of variation =S.D.

4Only one van Veen grab sample collected.
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Appendix D

Wet Weights
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The following information pertains to Tables 1 through 16,

Appendix D.

Values in parenthesis include larger organisms that usually would

overshadow the aggregate contribution of other organisms to the

overall sample biomass.

Blank = no organisms found

= sample taken and wet weight for that group less than 0.0001 g.
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Table 1. Wet weights of major groups of organisms found *n core samples at Cosmno-
polis, Grays Harbor, Washington, 1980-1981 (g/m).

i evaio 2  S P R I N G
Elevation2 S RN

Sample Annelids Crustaceans Clams Barnacles Other Total

MLLW

C-0-1 .606 1.742 .046 2.394
C-0-2 .833 2.349 3.182
C-0-3 3.258 8.258 11.516
C-0-4 3.333 1.818 ---- 5.151
C-0-5 10.682 41.970 52.652

TOTAL 18.712 56.137 .046 74.895
MEAN 3  3.743 11.227 .009 14,979
S.D. 4,088 17.402 .020 21.362

1.22

C-4-1 2.879 2.879
C-4-2 .076 .076
C-4-3 11.667 1.136 12.803
C-4-4 2.273 .076 2.349
C-4-5 2.652 .758 .227 3.637

TOTAL 19.471 1.970 .303 21.744
MEAN 3.894 .394 .061 4.349
S.D. 4.494 .523 .099 4.909

2.14

C-7-1 .606 .606
C-7-2 1.742 1.742
C-7-3 2.727 2.727
C-7-4 32.046 32.046
C-7-5 2.272 .152 ---- 2.425

TOTAL 39.394 .152 39.546
MEAN 7.879 .030 7.909
S.D. 13.522 .068 13.517

SUMMER

MLLW

C-0-1 11.121 1.674 6.364 19.159
V C-0-2 8.364 1.250 .129 9.743

C-0-3 11.652 4.955 .121 16.728
C-0-4 15.349 7.129 .129 22.607
C-0-5 9.606 29.250 38.856

TOTAL 56.092 44.258 6.364 .379 107.093
MEAN 11.218 8.852 1.273 .076 21.419

* S.D. 2.646 11.657 2.846 .069 10.827
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Table 1. (continued)

SUMMIER (cont'd)

Elevation 2  Annelids Crustaceans Clams Barnacles Other Total

1.22

CP-4-1 36.970 36.970
CP-4-2 .008 6.409 6.417
CP-4-3 .045 .045 .090
CP-4-4 .053 21.265 21.318
CP-4-5 .106 48.455 .053 48.614

TOTAL .212 113.144 .053 113.409
MEAN .042 22.629 .011 22.682
S.D. .042 20.296 .024 20.331

2.14

CP-7-1 3.758 92.531 1,652 97.941
CP-7-2 6.364 115.713 122.077
CP-7-3 .447 31.053 31.500
CP-7-4 .864 11.599 12.463
CP-7-5 .508 34.432 --- 34.940
TOTAL 11.941 285.328 1.652 298.921
MEAN 2.388 57.066 .330 59.784

*S.D. 2.612 44.591 .739 47.415

A UT UM N

* MLLW

CP-0-1 4.303 .015 .621 .008 4.947
CP-0-2 .091 .015 .106
CP-0-3 .705 .076 2.523 3.304
CP-0-4 6.341 .939 (248.244) 7.280

(255.524)
CP-0-5 8.697 3.189 (94.319) 11.886

(106.205)

TOTAL 20.137 4.234 .621 (342.563) 2.531 27.523
(370.086)

MEAN 4.027 .847 .124 (68.513) .506 5.505
(74.017)

S.D. 3.666 1.367 .278 (108.457) 1.127 4.421
(110. 922)

1.22

CP-4-1 1.833 1.833
CP-4-2 .015 9.886 9.901
CP-4-3 1.939 7.159 9.098
CP-4-4 19.349 19.349
CP-4-5 .098 7.136 7.234

TOTAL 2.052 45.363 47.415
MEAN .410 9.073 9.483
S.D. .855 6.444 6.349
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Table 1. (continued)

AUTUMN (cont'd)

Elevation2  Annelids Crustaceans Clams Barnacles Other Total

2.14

CP-7-1 23.409 70.076 93.485
CP-7-2 9.849 12.121 21.970
CP-7-3 2.879 6.136 9.015
CP-7-4 1.849 442.177 1.242 445.268
CP-7-5 .523 177.236 177.759

TOTAL 39.509 707.746 1.242 747.497
MEAN 7.702 141.549 .248 149.499
S.D. 5.569 .437 .057 5.802

WINTER

MLLW

C-0-1 5.280 4.023
C-0-2 1.886 7.856
C-0-3 2.409 4.788 .068
C-0-4 1.008 missing
C-0-5 .856 2.591

TOTAL 11.439 .068
MEAN -.288 4.815 .014 7.117
S.D. 1.790 .030

1.22

C-4-1 .197 .348 .545
C-4-2 .129 .871 1.000
C-4-3 47.993 2.902 50.895
C-4-4 5.485 .598 .121 6.204
C-4-5 11.379 .152 11.531

TOTAL 65.183 4.719 .273 70.175
MEAN 13,037 .944 .055 14.035
S.D. 20.082 1.141 .076 21.084

2.14

C-7-1 .591 .114 .705
C-7-2 .811 .152 .963
C-7-3 .856 .015 .871
C-7-4 51.74 .174 5.348
C-7-5 .386 .068 .454

TOTAL 7.818 .523 8.341
MEAN 1.564 .105 1.668
S.D. 2.027 .064 2.066

1 Size of core sample: 13.2 cm2 x 8 cm deep.

2 Elevation in meters relative to mean lower low water (MLLW)
3 Standard deviation
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Table 2. Wet weights of major groups of organisms found in core samples at Cow
Point, Grays Harbor, Washington, 1980-1981 (g/m).

2 S PR IN GElevation

Sample Annelids Crustaceans Clams Barnacles Other Total

MLLW

CP-O-1 1.136 .379 (4.546) 1.515 ( 6.061) 3

CP-O-2 .152 2.121 (94.546) 2.273 ( 96.819)
CP-0-3 2.955 1.515 3.788 8.258 (8.258)
CP-0-4 .758 48.031 (628.791) 48.789 (677.580)
CP-O-5 5.606 7.121 (22.046) 12.727 (34.773)
TOTAL 10.607 59.167 3.788 (749.929) ---- 73.562 (823.491)
MEAN4  2.121 11.833 .758 (149.986) 14.712 (164.698)
S.D. 2.211 20.399 1.694 (270.345) 19.594 (289.039)

1.22

CP-4-1 missing .152
CP-4-2 .076 2.727
CP-4-3 .303 9.546
CP-4-4 8.333
CP-4-5 .606 190.228

TOTAL 210.986
MEAN .246 42.197 42.443
S.D. 82.843

2.14

CP-7-1 20.682 42.425 63.107
CP-7-2 .530 .530
CP-7-3 ---- 29.046 29.046
CP-7-4 2.803 103.561 106.364
CP-7-5 .076 .076 .152 .304

TOTAL 24.091 175.108 .152 199.351
MEAN 4.818 35.022 .030 39.870
S.D. 8.942 42.532 .068 45.254

SUMMER

MLLW

CP-O-1
CP-0-2 .015 .015 .030
CP-0-3 14.621 1.871 66.440 (575.238) .008 82.940 (658.178)
CP-0-4 9.114 2.356 (292.388) .030 11.500 (303.888)
CP-0-5 .780 8.621 (2,095.724) 5.811 15.212 (2,110.936)

TOTAL 24.530 12.863 66.440 (2,963.350) 5.849 109.682 (3,072.032)
MEAN 4.906 2.573 13.288 (592.670) 1.170 21.936 (614.606)
S.D. 6.654 3.546 29.713 (873.522) 2.595 34.773 (879.331)
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Table 2. (continued)

SUMMER

Elevation2  Annelids Crustaceans Clams Barnacles Other Total

1 .22

C-4-1 .417 .773 .227 1.417
C-4-2 .295 1.318 1.613
C-4-3 1.364 1.273 2.637
C-4-4 .470 3.364 3.834
C-4-5 1.439 3.114 .030 4.583
TOTAL 3.985 9.842 .257 14.084
MEAN .797 1.968 .051 2.817
S.D. .556 1.183 .099 1.378

2.14
C-7-1 .462
C-7-2 missing
C-7-3 3.068
C-7-4 3.591 .076
C-7-5 1.447 .008
TOTAL
MEAN 2.142 .021 2.163
S.D.

A UT UM N

MLLW
C-0-1 5.992 5.053 11.045
C-0-2 .667 1.280 .030 1.977
C-0-3 1.167 7.091 .015 8.273
C-0-4 4.349 2.477 6.826
C-0-5 25.849 22.614 48.463

TOTAL 38.024 38.515 .045 76.584
MEAN 7.605 7.703 .009 15.317
S.D. 10.436 8.636 .013 18.819

1.22
C-4-1 .023 2.091 2.114
C-4-2 .265 .091 .356
C-4-3 1.689 2.030 3.719
C-4-4 .030 .803 .833
C-4-5 .114 .061 .175
TOTAL 2.121 5.076 7.197
MEAN .424 1.015 1. 439
S.D. .714 1.000 1.483
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Table 2. (continued)

* AUTUMN (cont'd)

*Elevation 2  Annelids Crustaceans Clams Barnacles Other Total

* 2.14

C-7-1 .652 .030 .068 .750
*C-7-2 2.636 1.000 3.636

C-7-3 14.652 .674 .136 15.462
*C-7-4 2.735 .038 2.773

C-7-5 3.849 .220 4.069

*TOTAL 24.524 1.924 .242 26.690
MEAN 4.905 .385 .048 5.338
S.D. 9.492 181.554 .555 178.476

W IN TE R

MLLW

CP-0-l .348 .053 .401
CP-0-2 .098 .227 .325
CP-0-3 .864 5.629 (130.372) 6.493 (136.865)
CP-0-4 3.697 2.917 36.644 (100.826) .129 43.387 (144.213)
CP-0-5 7.583 .061 7.644

TOTAL 12.590 8.887 36.644 (231.198) .129 58.250 (289.448)
MEAN 2.518 1.777 7.329 (46.240) .026 11.650 ( 57.890)
S.D. 3.176 2.473 16.688 (64.172) .058 18.060 ( 75.551)

1.22

CP-4-1 .015 12.152
CP-4-2 1.477 missing
CP-4-3 .348 5.939 .189
CP-4-4 .083 44. 902
CP-4-5 13.644 6.636

TOTAL 15.567 .189
MEAN 3.113 17.407 .038 20.558
S.D. 5.916 .085

* 2.14

*CP-7-1 .242 58.576 58.818
CP-7-2 2.197 408.487 410.684
CP-7-3 .561 32.152 32.713
CP-7-4 .780 17.856 18.636
CP-7-5 1.614 178.334 2.523 182.471

TOTAL 5.394 695.405 2.523 703.322
MEAN 1.079 139.081 .505 140.664
S.D. .805 163.348 1.128 164.242

1 2
2Size of core sample: 13.2 cm x 8 cm deep.
3Elevation in meters relative to mean lower low water (MLLW)
4Includes barnacles
Standard Deviation
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Table 3. Wet weights of major groups of organisms found in core samples at the
Marsh Establishment site, Grays Harbor, Washington, 1980-1981 (g/m2).

Elevation2  S PR I NG
Carple Annelids Crustaceans Clams Barnacles Other Total

ML LW

M-0-1 .076 1.061 34.697 35.834
M-0-2 9.243 .030 110.986 120.259
M-0-3 .076 .076 .152
M-0.-4 1.136 .833 29.394 31.363
M-0-5 .076 .227 33.788 34.091

TOTAL 10.607 1.394 146.516 63.182 221.699
MEAN 3  2.121 .279 29.303 12.636 44.340
S.D. 4.007 .446 48.034 17.373 44.895

1 .22

M-4-1 35.758 3.712 38.258 77.728
M-4-2 16.970 4.318 .758 22.046
M-4-3 8.030 2.107 78.485 88.712
M-4-4 28.182 2.689 .833 21.704
M-4-5 5.758 2.803 7.046 15.607

TOTAL 94.698 15.719 125.380 235.797
MEAN 18.940 3.144 25.076 47.159
S.D. 12.893 .855 33.654 33.638

2.14

M-7-1 1.136 2.046 3.182
M-7-2 .076 .076 247.047 247.199
M-7-3 4.773 .530 5.303
M-7-4 .758 .682 1.440
M-7-5 28.940 12.273 41.213

TOTAL 35.683 15.607 247.047 298.337
MEAN 7.137 3.121 49.409 59.667

S.D. 12.324 5.168 110.483 106.119

S U M M E R

* MLLW

M-0-1 3.189 8.197 46.144 .015 57.545
M-0-2 4.742 .038 23.614 28.394
M-0-3 5.409 74.796 80.205
M-0-4 .705 .008 3.455 4.168
M-0-5 1.697 .470 35.902 38.069

*TOTAL 15.742 8.713 134.312 49.599 .015 208.381
MEAN 3.148 1.743 26.862 9.920 .003 41.676
S.D. 1.983 3.614 30.956 20.305 .007 28.864
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TWPM
Table 3. (continued)

SUMMER (cont'd)

Elevation 2  Annelids Crustaceans Clams Barnacles Other Total

1.22

M-4-1 9.227 2.121 11.348
M-4-2 .530 3.462 3.992
M-4-3 6.038 1.205 7.243
M-4-4 .742 .462 1.204
M-4-5 8.780 5.667 14.447

TOTAL 25.317 12.917 38.234
MEAN 5.063 2.583 7.647
S.D. 4.223 2.055 5.361

2.14

M-7-1.053
M-7-2 1.492 17.568
M-7-3 .402
M-7-4 .455 3.129
M-7-5 missing

TOTAL
MEAN .601 5.174 5.775
S.D.

A U TUM N

MLLW

M-01- .167 .348 1.992 2.507
M-0-2 1.136 1.030 2.166
M-0-3 .114 .477 .591
M-0-4------------------nothing found -------------------- 0
M-0-5 .061 .061
TOTAL 1.478 .825 3.022 5.325
MEAN .296 .165 .604 1.065
S.D. .474 .230 .895 1.189

1.22

M-4-1 3.174 .136 .439 .083 3.832
M-4-2 1.417 .644 2.061
M-4-3 3.545 2.091 5.636
M-4-4 4.962 .455 1.068 6.485
M-4-5 16.818 1.841 18.659

TOTAL 29.916 5.167 .439 1.068 .083 36.673
MEAN 5.983 1.033 .088 .214 .017 7.335
S.D. 6.187 .875 .196 .478 .037 6.556
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Table 3. (continued)

AUTUMN (cont'd)

Elevation2  Annelids Crustaceans Clams Barnacles Other Total

2.14

M-7-1 1.909 1.962 23.871
M-7-2 .326 .326
M-7-3 .159 1.371 .106 1.636
M-7-4 2.288 1.455 3.743
M-7-5 7.697 .402 8.099

TOTAL 12.379 25.190 .106 37.675
MEAN 2.476 5.038 .021 7.535
S.D. 3.066 9.481 .047 9.596

W IN TE R

MLLW

M-0-1 7.508 1.038 .333 8.879
M-0-2 8.636 2.015 1.523 12.174
M-0-3 1.667 1.667
M-0-4 5.864 11.667 53.735 71.266
M-0-5 2.879 .174 .076 3.129

TOTAL 26.554 14.894 55.667 97.115
MEAN 5.311 2.979 11.122 19.423
S.D. 2.974 4.922 23.823 29,292

1.22

2.780 .568 .280 3.628
M-4-2 6.197 .121 6.318
M-4-3 2.159 5.765 2.167 10.091
M-4-4 5.886 2.583 .053 8.522
M-4-5 6.500 2.523 9.023

TOTAL 23.522 11.560 2.167 .333 37.582
MEAN 4.704 2.312 .433 .067 7.516
S.D. 2.063 2.230 .969 .121 2.572

2.14

M-7-1 10.682 15.924
M-7-2 1.348 5.750
M-7-3 missing
M-7-4 15.439 32.712 155.001
M-7-5 .015 38.659

TOTAL
MEAN 6.871 23.271 38.750 68.,82
S.D.

1 Size of core sample: 13.2 cm2 x 8 cm deep.
2 Elevation in meters relative to mean lower low water (MLLW)
3 Standard Deviation
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Table 4. Wet weights of major groups of organisms found in core sampies at the
Marsh Control site, Grays Harbor, Washington, 1980-1981 (g/m )

Elevation2 S R G
Sample Annelids Crustaceans Clams Barnacles Other Total

MLLW

MC-0-1 .227 .227 5.985 6.439
MC-0-2 .758 .682 1.440
MC-0-3 .152 .152 68.940 69.244
MC-0-4 .227 .076 .303
MC.-0-5 .379 .076 6.439 6.894

TOTAL .985 1.289 82.046 84.320
MEAN 3.197 .258 16.409 16.864
S.D.3  .138 .287 29.513 29.428

1.22

MC-4-1 1.742 118.637 120.379
MC-4-2 8.258 .227 2.046 10.531
MC-4-3 1.061 .379 11.440 12.880
MC-4-4 .985 3.258 4.243
MC-4-5 4.091 .227 4.318

TOTAL 16.137 .833 135.381 152.351
MEAN 3.227 .167 27.076 30.740
S.D. 3.081 .164 51.368 50.404

2.14

MC-7-1 9.849 9.849
MC-7-2 11.818 2.652 1.288 15.758
MC-7-3 11.591 11.591
MC-7-4 20.076 3.106 350.835 374.017
MC-7-5 9.546 4.394 13.490

TOTAL 62.880 10.152 350.835 1.288 425.155
MEAN 12.576 2.030 70.167 .258 85.031
S.D. 4.313 1.961 156.898 .576 161.564

S UM ME R

MLLW

MC-0-1 .136 .030
MC-0-2 .159 .038 .061
MC-0-3 .023 .083
MC-0-4 .098
MC-0-5 .258 missing

TOTAL .674 .061
MEAN .135 .038 .012 .185
S.D. .086 .027
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Table 4. (continued)

SUMMER (cont'd)

Elevation2  Annelids Crustaceans Clams Barnacles Other Total

1 .22

MC-4-1 1.636 .106 51.720 53.462
MC-4-2 4.674 .174 4.848
MC-4-3 .053 .098 .151
MC-4-4 16.091 .061 17.250 33.402
MC-4-5 .303 .977 8.924 10.204

TOTAL 22.757 1.416 77.894 102.067
MEAN 4.551 .283 15.579 20.413
S.D. 6.707 .390 21.440 22.461

2.14

MC-7-1 .008 59.591 59.599
MC-7-2 19.894 14.607 34.501
MC-7-3 4.886 4.205 29.697 11.000 49.788
MC-7-4 2.121 2.121
MC-7-5 .023 1.621 1.644

TOTAL 26.932 20.433 89.288 11.000 147.653
MEAN 5.386 4.087 17.858 2.200 29.531
S.D. 8.353 6.127 26.639 4.919 26.777

AU T UM N

MLLW

MC-0-1 3.091 .083 .189 .038 3.401
MC-0-2 .932 .409 1.341
MC-0-3 .015 .485 .015 .515
MC-0-4 .045 .477 .326 .038 .886
MC-0-5 .076 .424 .500
TOTAL 4.159 1.878 .515 .091 6.643
MEAN .832 .375 .103 .018 1.329
S.D. 1.320 .16/ .149 .019 1.208

1.22
MC-4-1 .568 .197 .015 .780
MC-4-2 7.546 1.864 9.410
ilC-4-3 15.523 2.727 .061 18.311
MC-4-4 8.470 .356 8.826
MC-4-5 .023 .508 .531
TOTAL 32.130 5.652 .076 37.858
MEAN 6.426 1.130 .015 7.572
S.D. 6.393 1.112 .026 7.348
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Table 4. (continued)

AUTUMN (cont'd)

Elevation 2  Annelids Crustaceans Clams Barnacles Other Total
2.14

MC-7-1 21.583 5.492 .023 27.098
MC-7-2 17.046 43.106 60.152
MC-7-3 12.197 6.621 18.818
MC-7-4 6.720 4.758 .515 .008 12.001
MC-7-5 5.591 315.570 321.161

TOTAL 63.137 375.547 .515 .031 439.230
MEAN 12.627 75.109 .103 .006 87.846
S.D. 6.788 135.399 .230 .010 131.729

W IN T ER

ML LW

MC-0-1 .038 .280 .318
MC-0-2 .053 .053
MC-0-3 .038 .038
MC-0-4 .212 .061 3.326 3.599
MC-0-5 .023 1.038 .045 1.106

TOTAL .311 1.379 3.424 5.114
MEAN .062 .276 .685 1.023
S.D. 0.85 .441 1.477 1.504

1.22

MC-4-1 .023 3.030 .212 3.265
MC-4-2 1.326 .083 86.152 87.561
MC-4-3 1.432 .765 1.371 3.568
MC-4-4 20.940 .083 21.023
MC-4-5 2.583 .629 .182 3.394

TOTAL 26.304 4.590 87.917 118.811
MEAN 5.261 .918 17.583 23.762
S.D. 8.812 1.221 38.335 36.471

2.14

MC-7-1 14.364 .182 14.546
MC-7-2 13.720 3.902 .583 18.205
MC-7-3 3.189 2.432 10.235 15.856
MC-7-4 9.356 1.614 10.970
MC-7-5 2.652 2.258 4.910

TOTAL 43.281 10.388 10.818 64.487
MEAN 8.656 2.078 2.164 12.897
S.D. 5.582 1.350 4.519 5.176

2 Size of core sample: 13.2 cm 2x 8 cm deep.
2Elevation in meters relative to mean lower low water (MLLW)
Standard Deviation
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Table 5. Wet weights of major groups of organisms found in core samples at Moon
Island, Grays Harbor, Washington, 1980-1981 (g/m2).

Elevation 2  S PRI NG.
Sarnnle Annelids Crustaceans Clams Barnacles Other Total

MLLW

MI -0-1 7.273 7.273
MI-0-2 .076 5.379 5.455

*MI-0-3 .303 .758 2.879 3.940
MI-0-4 .152 .076 1.136 1.364
MI-0-5 1.288 7.197 .227 8.712

TOTAL 1.743 8.107 16.667 .227 26.744
MEAN 3  .349 1.621 3.333 .045 5.349
S.D. .540 3.132 2.944 .102 2.867

1 .22

MI-4-1 1.439 4.621 .076 6.136
MI-4-2 2.273 .152 8.712 11.137
MI-4-3 .303 19.470 19.773
MI-4-4 .227 2.576 2.803
MI-4-5 .455 .076 1.364 1.895

TOTAL 4.394 .531 36.743 .076 41.744
MEAN .879 .106 7.349 .015 8.349
S.D. .953 .127 7.328 .034 7.341

2.14

MI-7-1 7.500 7.500
MI-7-2 38.864 .076 5.076 44.016
MI-7-3 6.364 1.591 1.818 9.773
MI-7-4 11.970 11.970
MI-7-5 8.561 .076 7.652 16.289

TOTAL 73.259 1.743 14.546 89.548
MEAN 14.652 .349 2.909 17.910
S.D. 13.696 .696 3.366 14.950

S UM ME R

MLLW

MI-0-1 19.008 1.280 1.485 21.773
MI-0-2 38.652 .652 .470 39.774
MI-0-3 12.167 2.068 1.008 15.243
MI-0-4 6.311 .341 .348 7.000

MI-0-5 2.985 .061 4.046
TOTAL 80.123 4.402 3.311 87.836
MEAN 16.025 .880 .662 17.567
S.D. 13.920 .804 .585 14.237
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Table 5. (continued)

SUMMER (cont'd)

Elevation2  Annelids Crustaceans Clams Barnacles Other Total

1.22

MI-4-1 7.682 1.409 .909
MI-4-2 4.924 .515 3.720
MI-4-3 1.947
MI-4-4 .068 .242
MI-4-5 missing 33.235

TOTAL 14.621 37.864
MEAN 2.924 .562 7.573 11.059
S.D. 3.328 14.426

2.14

MI-7-1 13.917 .258 19.864 .167 34.206
MI-7-2 7.500 .265 7.765
MI-7-3 21.727 .455 22.182
MI-7-4 11.061 .167 11.228
MI-7-5 2.962 .015 .311 3.288

TOTAL 57.167 .440 20.630 .432 78.669
MEAN 11.433 .088 4.126 .086 15.734
S.D. 7.062 .118 8.800 .123 72.465

A UT UM N

MLLW

MI-0-1 .008 .136 .144
MI-0-2 .182 19.561 19.743
MI-0-3 11.909 .402 12.311
MI-0-4 1.174 .242 1.416
MI-0-5 1.962 .295 2.257
TOTAL 15.235 .136 20.500 35.871
MEAN 3.047 .027 4.100 7.174
S.D. 5.017 .061 8.644 8.531

1.22

MI-4-1 .167 .038 3.371 3.576
MI-4-2 1.121 .174 2.447 .008 3.750
MI-4-3 6.985 .144 7.129
MI-4-4 .015 4.045 4.060
MI-4-5 4.167 .235 4.402

TOTAL 12.455 .591 9.863 .008 22.917
MEAN 2.491 .118 1.973 .002 4.583
S.D. 3.017 .097 1.888 .004 1.457
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Table 5. (continued)

AUTUMN (cont'd)
2Elevation Annelids Crustaceans Clams Barnacles Other Total

2.14

MI-7-1 4.780 13.780 18.560
MI-7-2 2.485 .833 4.386 7.704
MI-7-3 12.924 .462 .197 13.583
MI-7.-4 .470 11.212 11.682
MI-7-5 3.121 2.068 5.189

TOTAL 23.780 .833 31.908 .197 56.718
MEAN 4.756 .167 6.382 .039 11.344
S.D. 4.820 .373 5.825 .088 5.204

W IN TE R

MLLW

MI-0-1 .045 1.636
MI-0-2 .023 .038
MI-0-3 1.076 .129 .409
MI-0-4--- -------------------- data not used -----------------
MI-0-5 .023 .106

TOTAL
MEAN .292 .059 .511 .010 .872
S.D.

1.22

MI-4-1 .091 3.227 3.318
MI-4-2 .235 3.061 24.871 28.167
MI-4-3 .076 2.129 2.205
MI-4-4 2.470 .250 .045 2.765
MI-4-5 .568 4.515 .992 6.075

TOTAL 3.440 9.955 29.090 .045 42.530
MEAN .688 1.991 5.818 .009 8.506
S.D. 1.016 1.906 10.732 .020 11.091

2.14

MI-7-1 .720 1.326 2.046
MI-7-2 6.500 .485 6.985
MI-7-3 .280 5.485 5.765
MI-7-4 6.500 4.083 10.583
MI-7-5 13.439 4.992 .697 19.128

TOTAL 27.439 16.371 .697 44.507
MEAN 5.488 3.274 .139 8.901

9S.D. 5.365 2.240 .312 6.479

22
Elevation in meters relative to mean lower low water (MLLW)
Standard deviation
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Table 6. Wet weights of clams and other larger organisms found in spring box l

samples at Grays Harbor, Washington, 1980, (g/m2 ).

MLLW2  1.22 2.14 Combined

Site Sample Clams Other Clams Other Clams Other Clam Mean

Cosmopolis ---------------------- no clams or other -------------- -0-

Cow Point 1 1.621 1.1529 04 0 0
2 23.430 .640, 4.405 0 0
3 12.152 2.386, 7.499 0 0

TOTAL 37.203 4.178,11.904 0 0
MEAN 12.401 1.393, 3.968 0 0 12.401
S.D. 10.907 .898, 3.769

Marsh 1 9.008 40.702 159.688
Estab- 2 16.928 24.835 186.891
lishment 3 35.405 21.141 30.027

TOTAL 61.341 86.678 3.76.606
MEAN 20.447 28.893 125.535 174.875
S.D. 13.546 10.393 83.824

Marsh 1 7.437 29.613 -0- 110.075
Control 2 10.869 10.645 18.686 79.982

3 10.506 14.605 -0- 7.941

TOTAL 28.812 54.863 18.686 197.998
MEAN 9.604 18.288 6.229 65.999 93.891
S.D. 1.885 10.006 10.788 52.483

Moon 1 6.197 17.742 40.917
Island (701.679)

2 .467 9.834 35.446
(149.346)

3 5.947 19.875 40.224
(420.174)

TOTAL 12.611 47.451 116.587
(186.963) (1,157.299)

MEAN 4.204 15.817 38.862 58.883
(62.231) (385.766) (452.291)

S.D. 3.239 5.290 2.979
(75.373) (334.447)

I Box sample size: 1/16m2 x .3m deep.
2 Elevation in meters relative to mean lower low water (MLLW)
3 Cancer magister
4 Pholis ornata
5 Standard de7iation
6 Abarenicola sp.
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Table 7. Wet weights of clams and other larger organisms found in summer box
1

samples at Grays Harbor, Washington, 1980, (g/m2).

MLLW 2  1.22 2.14 Combined

Site Sample Clams Other Clams Other Clams Other Clam Mean

Cosmopolis ------------------ no clams or other -----------------

Cow Point 1 .790 -0-
2 .496 -0-
3 .384 -0-

TOTAL 1.670 -0-
MEAN3  .557 -0- .557
S.D. .210

Marsh 1 64.143 13.898 134.950
Estab- 2 35.234 33.696 15.858
lishment 3 14.253 7.834 -0-

TOTAL 113.630 55.428 150.808
MEAN 37.877 18.476 50.269 106.622
S.D. 25.050 13.525 73.763

Marsh 1 1.318 7.312 58.570 -0-
Control 2 1.330 1.107 11.431 -0- 4

3 1.212 13.517 53.487 9.788

TOTAL 3.860 21.9365 123.488 9.788
MEAN 1.287 7.312 41.163 3.263 49.762
S.D. .065 25.874 5.651

Moon 1 1,076.701 4.3906 1.490 10.675
Island 2 101.975 -0- 1.898 105.524

3 278.309 -0- 1.082 11.921

TOTAL 1,456.985 4.390 4.4707 128.120
MEAN 485.662 1.463 1.490 42.707 529.859
S.D. 519.393 2.535 54.405

1 Box sample size: 1/16m2 x .3m deep
2 Elevation in meters relative to mean lower low water (MLLW)
3 Standard Deviation
4 Crangon franciscorum franciscorum
5 Data used from only 2 sample's
6 Upogebia pugettensis
7 Data used from only 2 samples
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Table 8. Wet weights of clams and other larger organisms found in autumn box
1

samples at Grays Harbor, Washington, 1980, (g/m2).

MLLW 2  1.22 2.14 Combined

Site Sample Clams Other Clams Other Clams Other Clam Mean

Cosmopolis ---------------- no clams or other -----------------

Cow Point 1 .163 -0- -0-
2 12.000 -0- 3 -0-
3 9.392 9.872 -0-

TOTAL 21.555 9.872 -0-
MEAN4  7.185 3.291 -0- 7.185
S.D. 6.220 5.700

Marsh 1 2.240 6.832 113.568
Estab- 2 2.601 20.784 97.840
lishment 3 5.379 21.408 9.344

TOTAL 10.220 49.024 220.752
MEAN 3.407 16.341 73.584 93.332
S.D. 1.718 8.241 56.187

Marsh 1 2.915 7.384 45.968
Control 2 .157 13.302 29.808

3 19.936 3.094 111.696

TOTAL 23.008 23.780 187.472
MEAN 7.669 7.927 62.491 78.087
S.D. 10.712 5.126 43.372

Moon 1 -0- 13.424 101.936
Island 2 152.688 1.574 406.960

3 569.442 304.896 37.264

TOTAL 722.130 319.894 545.160
MEAN 240.710 106.631 182.053 529.394
S.D. 294.749 171.804 197.441

1 Box sample size: 1/16m2 x .3m
2 Elevation in meters relative to mean lower low water (MLLW)
3 Pholis ornata
4 Standard deviation
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Table 9. Wet weights of clams and other larger organism found in winter box1

samples at Grays Harbor, Washington, 1981 (g/m ).

MLLW2  1.22 2.14 Combined
Site Sample Clams Other Clams Other Clams Other Clam Mean

Cosmopolis ---------------------- no clams or other ------------------

Cow Point 1 1.517 -0-
2 .342 2.208
3 2.382 -0-

TOTAL 4.241 .736
MEAN 1.414 1.275 2.689
S.D.3  1.024

Marsh 1 176.197 -0- 7.957 .376
Estab- 2 6.843 30.8754 9.832 29.512

3 4.117 -0- 3.408 -0-

TOTAL 187.157 30.875 21.197 29.888
MEAN 62.386 10.292 7.066 9.963 79.415
S.D. 98.573 17.826 3.304 16.931

Marsh 1 1.970 4.608 59.534
Control 2 2.384 4.880 46.722

3 15.453 4.464 86.939

TOTAL 19.807 13.952 193.195
MEAN 6.603 4.651 64.398 75.651
S.D. 7.668 .211 20.545

Moon 1 681.344 1.230 148.850
Island 2 2.032 .717 7.179

31,508.384 3.072 6.208

TOTAL 2,191.760 5.019 162.237
MEAN 730.587 1.673 54.079 786.339
S.D. 754.382 1.239 82.076

1 Box sample size: 1/16m x .3m deep
2 Elevation in meters relative to mean lower low water (MLLW)
3 Standard deviation
4 Flatfish juvenile
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Table 10. Wet weights of major groups of organisms found in van Veen grab samples
at Cosmopolis, Grays Harbor, Washington, 1980-1981, (g/m2).

Elevation 2  S PR IN G
S ample Annelids Crustaceans Clams Barnacles Other Total

Bottom

55-lB-i 1.033 .003 2.550 3.586
(3.809) 3(7.392)

SS-lB-2 1.360 1.999 .030 3.389

TOTAL 2.393 2.002 2.580 b.275
(5.808) (10.781)

MEAN 1.197 1.001 1.290 3.488
4(2.904) (5.391)

S.D.4  .231 1.411 1.782 .139
(1.280) (2.831)

Side

SS-lS-l 2.880 24.784 35.683 .099 63.446
SS-1S-2 2.120 12.676 19.747 .105 34.648

TOTAL 5.000 37.460 55.430 .204 98.094
MEAN 2.500 18.730 27.715 .102 49.047
S.D. .537 8.562 11.267 .004 20.363

S UM ME R

Bottom

SS-lB-l .172 .307 .656 .018 1.153
SS-IB-2 .003 .018 --- .021

TOTAL .175 .325 .656 .018 1.174
MEAN .088 .163 .328 .009 .587
S.D. .120 .204 .464 .013 .800

Side
SS-lS-l 1.513 1.404 35.012 .003 37.932
SS-1S-2 2.394 14.556 16.726 .025 33.701
TOTAL 3.907 15.960 51.738 .028 71.633
MEAN 1.954 7.980 25.869 .014 35.817
S.D. .623 9.300 12.930 .016 2.992

A U TUM N

Bottom

SS-18-1 .108 .030 .001 .047 .164
SS-1B-2 3.333 .076 .009 .696 4.114

TOTAL 3.419 .106 .010 .743 4.278
MEAN 1.709 .053 .005 .372 2.139
S.D. 2.296 .033 .006 .459 2.793
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Table 10. (continued)

Elevation Annelids Crustaceans Clams Barnacles Other Total

Side

SS-1S-.1 10.142 27.224 37.366
SS-IS-2 --------------------- no sample collected -----------------------

TOTAL
MEAN 10.142 27.224 37.366
S.D.

WINTER

Bottom

SS-lB-I 38.696 9.643 48.339
SS-lB-2 --------------------- no sample collected-------------------

TOTAL
MEAN 38.696 9.643 48.339
S.D.

Side

SS-IS-I .074 29.237 77.663 .002 106.976
SS-lS-2 - --------------------- no sample collected-------------------

TOTAL
MEAN .074 29.237 77.663 .002 106.976
S.D.

1 van Veen grab sample size: O.1m 2

2 Elevation, bottom and side of navigation channel.

Includes weight of Saduria entomon

Standard deviation
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Table 11. Wet weights of major groups of organisms found in van Veen grab samples
at Cow Point, Grays Harbor, Washington, 1980-1981 (g/m2 ).

Elevation2  SPRING

5 ample Annelids Crustaceans Clams Barnacles Other Total

Bottom

SS-2B-l .062 2.194 .930
SS-2B-2 .514 data missing .272

TOTAL .576 1.202
MEAN 3  .288 2.194 .601 3.083
S.D. .320 .465

Side

SS-2S-1 .001 .Oil .478 .490
(2.187) (2.666)

SS-2S-2 .210 23.480 23.690

TOTAL .211 .011 23.958 24.180
(2.187) (26.356)

HIEAN .106 .006 11.979 12.090
(1.094) (13.178)

S.D. .148 .008 16.265 16.405
(1,546) (14.866)

SUMMER

Bottom

SS-2B-1 12.863 3.458 6.924 5.385 28.630
SS-2B-2 15.424 1.104 5 3.687 20.215

(2.275) (21.386)

TOTAL 28.287 4.562 10.611 5.385 48.845
M (5.733) (50.016)
MEAN 14.144 2.281 5.306 2.693 24.423

(2.867) (25.008)
S.D. 1.811 1.665 2.289 3.808 5.950

(.837) (5.122)

Side

SS-2S-1 .017 .278 .295
SS-2S-2 .346 .346

TOTAL .346 .346
MEAN .173 .009 .139 .321
S.D. .245 .012 .197 .036
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Table 11. Wet weights of major groups of organisms found in van Veen grab samples
at Cow Point, Grays Harbor, Washington, 1980-1981 (g/m2).

Elvaio 2  S P R I N G
Elevation2 S R N
Sample Annelids Crustaceans Clams Barnacles Other Total

Bottom

SS-2B-l .062 2.194 .930
SS-2B-2 .514 data missing .272

TOTAL .576 1.202
MEAN 3  .288 2.194 .601 3.083
S.D. .320 .465

Side

SS-2S-I .001 .011 .478 .490
(2.187) (2.666)

SS-2S-2 .210 23.480 23.690

TOTAL .211 .011 23.958 24.180
(2.187) (26.356)

MEAN .106 .006 11.979 12.090
(1.094) (13.178)

S.D. .148 .008 16.265 16.405
(1,546) (14.866)

SUMMER

Bottom

SS-2B-I 12.863 3.458 6.924 5.385 28.630
SS-2B-2 15.424 1.104 3.687 20.215

TOTAL 28.287 4.562 10.611 5.385 48.845
(5. 733) (50.016)

MEAN 14.144 2.281 5.306 2.693 24.423
(2.867) (25.008)

S.D. 1.811 1.665 2.289 3.808 5.950
(.837) (5.122)

Side
Ss-2S-1 .017 .278 .295

SS-2S-2 .346 .346

TOTAL .346 .346
MEAN .173 .009 .139 .321

S.D. .245 .012 .197 .036
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Table 11. (continued)

AUTUMN

Elevation Annelids Crustaceans Clams Barnacles Other Total

Bottom

SS-2B-1 10.095 .178 9.084 19.357
SS-2B-2 .096 .022 6 .387 .505

(65.716) (66.199)
TOTAL 10.191 .200 9.471 19.862

(65.894) (85.556)
MEAN 5.096 .100 4.736 9.931

(32.947) (42.778)
S.D. 7.070 .110 6.150 13.330

(46.342) (33.122)

Side

SS-2S-1 2.393 .019 2.474 4.886
SS-2S-2 .020 .001 .070 .091

TOTAL 2.413 .020 2.474 .070 4.977
MEAN 1.207 .010 1.237 .035 2.489
S.D. 1.678 .013 1.749 .050 3.391

WINTER

Bottom

SS-2B-l --- .012 --- .012
SS-2B-2 .001 .031 2.285 2.317

TOTAL .001 .043 2.285 2.329
MEAN .001 .022 1.143 1.165
S.D. .001 .103 1.616 1.630

Side

SS-2S-1 .515 --- .505 1.020
SS-2S-2 .080 --- .312 .311 .003 .706

TOTAL .595 .817 .311 .003 1.726
MEAN .298 --- .409 .156 .002 .863
S.D. .308 .136 .220 .002 .222

I2
1 van Veen grab sample size: O.1m2

2 Elevation, bottom and side of navigation channel

Standard deviation

Includes Crangon franciscorum franciscorum5Includes Cancer magister

6Includes Cancer magister6Includes Cancer magister
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Table 12. (continued)

Elevation Annelids Crustaceans Clams Barnacles Other Total

TOTAL 10.343 .045 10.473 20.861
MEAN 5.172 .023 5.237 10.431
S.D. 5.939 .032 4.818 10.788

Side

SS-3S-1 10.775 2.219 .361 .001 13.356
SS-3S-2 11.537 .848 .238 .004 12.627

TOTAL 22.312 3.067 .599 .005 25.983
MEAN 11.156 1.534 .300 .003 12.992
S.D. .539 .969 .087 .002 .515

WINTER

Bottom

SS-3B-l 14.305 .008 1.697 16.010
SS-3B-2 .051 .005 1.379 1.435

TOTAL 14.356 .013 3.076 17.445
MEAN 7.178 .007 1.538 8.723
S.D. 10.080 .002 .225 10.306

Side

SS-3S-1 .812 .046 2.563 --- 3.421
SS-3S-2 2.477 .118 1.205 .122 3.922

TOTAL 3.289 .164 3.768 .122 7.343
MEAN 1.645 .082 1.884 .061 3.672
S.D. 1.177 .051 .961 .086 .354

I van Veen grab sample size: O.Im 2

2 Elevation, bottom and side of navigation channel

Standard deviation
Includes Cancer magister
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Table 12. Wet weights of major groups of organisms found in van Veen grab samples
at Moon Island, Grays Harbor, Washington, 1980-1981 (g/m4).

Elevation 2  S P R I N G

S amole Annelids Crustaceans Clams Barnacles Other Total

Bottom

SS-3B-l .160 .070 4.321 4.551
SS-3B-2 1.500 .006 5.443 6.949

TOTAL 1.660 .076 9.764 11.500
MEAN3  .830 .038 4.882 5.750
S.D. 3  .948 .045 .793 1.696

Side

SS-3S-1 .828 .043 4 1.195 2.066
(1.224) (3.247)

SS-3S-2 12.130 38.503 23.350 .340 74.323

TOTAL 12.958 38.503 23.350 .340 76.389
(39.727) (77.570)

MEAN 6.479 19.273 12.273 .170 38.195
(19.864) (38.785)

S.D. 7.992 27.195 15.666 .240 51.093
(26.360) (50.258)

SUMMER

Bottom

SS-3B-I .181 .034 1.264 1.479
SS-3B-2 .782 .108 .004 .894

TOTAL .963 .142 1.264 2.373
MEAN .482 .071 .632 .002 1.187
S.D. .425 .052 .894 .003 .414

Side

SS-3S-I .083 .265 .096 .002 .446
SS-3S-2 .019 .076 .121 .216

TOTAL .102 .341 .217 .002 .662
MEAN .051 .171 .109 .001 .331
S.D. .045 .134 .018 .001 .163

A U T U M N

Bottom

SS-3B-l 9.371 .045 8.643 18.059
SS-3B-2 .972 1.830 2.802
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Table 13. Wet weights of major groups of organisms found in van Veen grab samples
at the Top of the Crossover Channel, Grays Harbor, Washington, 1980-1981,
(g/m2 ).

Elevation2  S P R I N G

Sample Annelids Crustaceans Clams Barnacles Other Total

Bottom

SS-4B-l .088 .102 .397 .100 .597
SS-4B-2 1.930 4.470 6.400

(66. 360) (72.760)

TOTAL 2.018 .012 4.867 .100 6.997
(66.372) (73.357)

MEAN 1.009 .006 2.434 .050 3.499
4  (33.186) (36.679)

S.D. 1.303 .009 2.880 .071 4.103
(46.915) (51.027)

Side

SS-4S-I .062 .152 1.848 missing 2.062
SS-4S-2 .052 1.106 1.158

TOTAL .114 .152 2.954 3.220
MEAN .057 .076 1.477 1.610
S.D. .007 .107 .525 .639

SUMMER

Bottom

SS-4B-I 1.839 .279 2.118
SS-4B-2 .342 .739 1.081

TOTAL 2.181 1.018 3.199
MEAN 1.091 .509 1.600
S.D. 1.059 .325 .733

*Side

SS-4S-1 2.046 .067 2.113
SS-4S-2 4.743 .572 5.315

TOTAL 6.789 .639 7.428
MEAN 3.395 .320 3.714
S.D. 1.907 .357 2.264

~A U T U M N

Bottom

SS-4B-l .368 .393 .120 2.513 6.443 9.837
SS-4B-2 9.078 1.348 5 .011 10.437

(29.148) (37.237)
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Table 13. (continued)

Elevation Annelids Crustaceans Clams Barnacles Other Total

TOTAL 9.446 1.741 .120 2.513 6.454 20.274
(28.541) (47.074)

MEAN 4.723 .871 .060 1.257 3.227 10.137
(14.271) (23.537)

S.D. 6.159 .675 .085 1.777 4.548 .424
(19.626) (19.375)

Side

SS-4S-1 19.753 .778 20.531
SS-4S-2 17.360 .028 .212 17.600

TOTAL 37.113 .806 .212 38.131
MEAN 18.557 .403 .106 19.066
S.D. 1.692 .530 .150 2.073

W I N T E R

Bottom

SS-4B-1 1.209 .065 .874 .068 2.216
SS-4B-2 139.358 .186 6 .503 7 11.230 151.277

(.305)' (723.213) (874.106)

TOTAL 140.567 .251 1.377 11.298 153.493
(.370) (724.087) (876.322)

MEAN 70.284 .125 .689 5.649 76.747
(.185) (362.044) (438.161)

S.D. 97.686 .086 .263 7.893 105.402
(.170) (510.771) (616.519)

Side

SS-dS-I .449 .413 .398 .062 1.322
SS-4S-2 .728 .216 8 .142 .165 1.251

(.309) (1.344)
TOTAL 1.177 .629 .540 .227 2.573

(.722) (2.666)
MFAN .589 .315 .270 .114 1.287

(.361) (1.333)
S.D. .197 .139 .181 .073 .050

(.074) (.016)

S1 2 6

van Veen grab sample size: O. lm Includes Callianassa californiensis2 Elevation, bottom and side of navigation channel.

3 Includes Cancer magister 7 Includes Clinocardium nuttallii
4 Standard deviation 8 Includes Archaeomysis grebnitzkii

Includes Cancer magister and Crangon
franciscorum ranciscorum
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Table 14. Wet weights of major groups of organisms found in van Veen grab samples
at Whitcomb Flats, Grays Harbor, Washington, 1980-1981, (g/m ).

2  SPRINGLlevation
Samnle Annelids Crustaceans Clams Barnacles Other Total

Bottom

SS-5B-1 .450 .119 .100 .036 .705
(.546) (1.132)

SS-5B-2 1.381 .053 .355 .068 2.307
(.803) (2.607)

TOTAL 1.831 .622 .455 .104 3.012
(1.349) (3.739)

MEAN .916 .311 .228 .052 1.506
(.675) (1.870)

S.D.4  .658 .272 .180 .023 1.133
(.182) (1.043)

Side

SS-5S-I .694 .308 .112 ..--- 1.114
SS-5S-2 .263 .322 .496 .026 1.107

TOTAL .957 .630 .608 --- .026 2.221
MEAN .479 .315 .304 .013 1.111
S.D. .305 .010 .272 .018 .005

S U M M E R

Bottom

SS-5B-1 .494 .971 .002 .047 1.514
SS-5B-2 .735 15.121 .109 15.965
TOTAL 1.229 .971 15.123 .156 17.479
MEAN .615 .486 .7562 .078 8.740
S.D. .170 .687 10.691 .044 10.218

Side

SS-5S-1 1.186 .160 .013 1.359
SS-5S-2 3.595 3.504 .465 7.564

TOTAL 4.781 3.664 .478 8.923
MEAN 2.390 1.832 .239 4.462
S.D. 1.704 2.365 .320 4.388

i AUTUMN

Bottom

SS-5B-1 4.769 1.519 .069 --- 6.357
(7.535) (12.373)

SS-5B-2 1.339 .202 7.251 8.792

217



Total 14. (continued)

Elevation Annelids Crustaceans Clams Barnacles Other Total

TOTAL 6.108 1.721 .069 7.251 15.149
(7.737) (21.165)

MEAN 3.054 .861 .035 3.626 7.575
(3.869) (10.583)

S.D. 2.425 .931 .049 5.127 1.722
(5.185) (2.532)

Side

SS-5S-1 .961 .043 .083 1.087
(.095) (1.139)

SS-5S-2 .574 .217 .080 .185 1.056
(.421) (1.260)

TOTAL 1.535 .260 .080 .268 2.143
(.516) (2.399)

MEAN .768 .130 .040 .134 1.072
(.258) (1.200)

S.D. .274 .123 .057 .072 .022
(.231) (.086)

W I N T E R

Bottom

SS-5B-I .732 .016 .001 .749
(.054) (.787)

SS-5B-2 .135 .172 .312 .009 .627
(.207) (.663)

TOTAL .867 .188 .312 .010 1.376
(.261) (1.450)

MEAN .434 .094 .156 .005 .688
(.131) (.725)

S.D. .422 .110 .221 .006 .086
(.108) (.088)

Side

SS-5S-1 .304 .081 .118 .106 .609
(.379) (.907)

SS-5S-2 .881 .068 .354 .177 1.480
(.596) (2.008)

TOTAL 1.185 .149 .472 .283 2.089
(.975) (2.915)

MEAN .593 .075 .236 .142 1.045
(.488) (1.458)

S.D. .408 .009 .167 .050 .616
(.153 (.779)
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Table 14. (continued)

van Veen grab sample size: O.lm 2

2 Elevation, bottom and side of navigation channel

3 Throughout the column; including Archaeomysis grebnitzkii

Standard deviation

I L 219

* -*J-. -



Table 15. Wet weights of major groups of organisms found in van Veen grab samples
at the Deepwater Disposal Area, Grays Harbor, Washington, 1980-1981,
(g/m ).

SPRING

Bottom2  Annelids Crustaceans Clams Barnacles Other Total

SS-6-1 .040 .035 .182 .257

SS-6-2 6.080 .062 .346 .462 6.950

TOTAL 6.120 .097 .528 .462 7.207
MEAN3  3.060 .049 .264 .231 3.604
S.D. 4.271 .019 .116 .327 4.733

SUMMER

SS-6-1 .185 .131 missing
SS-6-2 .563 .251 .003

TOTAL .748 .131 .251
MEAN .374 .066 .126 .003 .569
S.D. .267 .093 .177

AUTUMN

SS-6-1 1.762 .523 4 .032 .014 2.331
(2.191) (3.999)

SS-6-2 5.272 .219 .200 .200 5.891
(.848) (6.520)

TOTAL 7.034 .742 .232 .214 8.222
(3.039) (10.519)

MEAN 3.517 .371 .116 .107 4.111(1.520) (5.260)
S.D. 2.482 .215 .119 .132 2.517

(.950) (5.783)

W I N T E R

SS-6-1 1.418 .002 .716 .016 2.152
SS-6-2 1.513 .779 .335 .414 3.041

(.926) (3.188)

TOTAL 2,931 .781 1.051 .430 5.193
(.928) (5.340)

MEAN 1.466 .391 .526 .215 2.597
(.464) (2.670)

S.D. .067 .549 .269 .281 .629
(.653) (.733)

1 van Veen grab sample size: O.1m2

2 Elevation, only bottom existed
3 Standard deviation
4 Includes Archaeomvsis 9rebnitzkii
5 Excludes sandlance weight
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Table 16. Wet weights of major groups of organisms found in van Veen gr r 1 sape
at the South Jetty, Grays Harbor, Washington, 1980-1981 (g/m

Bottom2  Annelids Crustaceans Clams Barnacles Other Total

SS-7-1 4.29 23.18 .60 (157.657) 7.77 35.840 (193.497)3

SS-7-2 2.60 30.57 1.50 (286.126) 1.49 36.160 (322.286)

TOTAL 6.89 53.75 2.10 (443.783) 9.26 72.000 (515.783)
MEAN4  3.45 26.88 1.05 (221.892) 4.63 36.000 (257.892)
S.D. 1.20 5.23 .64 (90.841) 4.44 .226 ( 91.068)

S UM M ER

SS-7-1 .023 .031 1.290 (.021) .002 1.346 ( 1.367)
SS-7-2 6.274 1.925 1.138 (519.494) 8.898 18.235 (537.729)

TOTAL 6.297 1.956 2.428 (519.515) 8.900 19.581 (539.096)
MEAN 3.149 .978 1.214 (259.758) 4.450 9.791 (269.548)
S.D. 4.420 1.339 .107 (367.323) 6.290 11.942 (379.265)

A U T U M N

SS-7-1 2.612 .203 1.336 (6.918) 4.151 ( 11.069)
SS-7-2 1.006 1.926 ~ .093 (351.500) 1.066 4,091 (1.9)

(57.93)5(419)6

TOTAL 3.618 2.129 1.429 (358.418) 1.066 8.242
(58.133) (422.664)

MEAN 1.809 1.065 .715 (179.209) .533 4.121
(29.067) (211.332)

S.D. 1.136 1.218 .879 (243.656) .754 .042
(40.819) (283.215)

W IN T ER

SS-7-1 .593 .026 .006 (39.871) .003
SS-7-2--- --------------------- no sample collected----------------------

TOTAL
MEAN .593 .026 .006 (39.871) .003 .628 (40.499)
S.D.

1van Veen sample size: 0.1m2  Standard Deviation
2 Elevation, only bottom existed 5Includes Cancer magister and Cancer

Includes barnacles rucs

6Includes crab and barnacles
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Appendix E

Shannon-Weiner Diversity Values
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Table 1. Shannon-Wiener Diversity (H*) values and _venness (E)
values for benthic invertebrate communities by site and
station at Grays Harbor, 1980-1981.

Site and SPRING SUMMER AUTUMN WINTER

Station H* E H* E H* E H* E

C-2.14 .748 .540 .700 .435 .761 .473 1.049 .757

C-1.22 .899 .409 1.105 .461 1.101 .614 .675 .307

C-MLLW 1.214 .553 1.096 .415 .878 .400 .978 .470

CP-2.14 .783 .377 .564 .220 1.143 .520 1.166 .389

CP-1.22 1.528 .696 1.510 .687 2.033 .883 2.053 .826

CP-MLLW 1.839 .679 1.996 .691 2.091 .754 1.669 .616

M-2.14 1.257 .524 .600 .373 1.005 .404 .927 .362

M-1.22 .593 .219 .928 .422 1.701 .663 .826 .359

M-MLLW 2.194 .883 2.337 .843 1.841 .946 1.926 .775

MC-2.14 .762 .331 1.648 .687 1.213 .460 1.407 .587

MC-1.22 1.545 .743 1.551 .647 1.637 .599 1.746 .728

MC-MLLW 1.632 .911 2.211 .922 1.489 .646 1.511 .939

MI-2.14 1.087 .401 1.875 .853 1.006 .625 1.104 .686

MI-1.22 1.959 .892 o.988 .905 2.024 .844 1.744 .702

MI-MLLW 1.444 .627 1.708 .712 1.822 .876 1.778 .914
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Table 2. Shannon-Wiener Diversity (H*) values and Evenness (E)
values for benthic invertebrate communities by site
and station at Grays Harbor, 1980-1981.

Site and SPRING SUMMER AUTUMN WINTER

Station H* E H* EH E H* E

C-Side .371 .179 .636 .276 .496 .255 .100 .072

C-Bottom .212 .096 1.645 .791 .187 .078 .828 .425

CP-Side .857 .532 1.049 .539 1.084 .605 1.106 .461

CP-Bottom 1.115 .402 1.738 .659 1.810 .626 1.356 .757

MI-Side .640 .210 2.111 .917 2.045 .707 1.666 .576

MI-Bottom 1.645 .686 1.871 .852 2.016 .876 1.669 .696

X-Side .810 .338 1.557 .967 2.507 .950 2.734 .860

X-Bottom 1.356 .652 1.768 .908 2.443 .830 1.505 .502

WF-Side 1.947 .605 2.186 .852 2.428 .840 2.285 .807

WF-Bottom 1.733 .625 1.352 .512 1.844 .801 2.205 .836

Du-Bottom 1.610 .494 2.014 .875 2.042 .642 2.491 .862

SJ-Bottom 3.002 .874 2.146 .774 2.555 .775 2.264 .944

224



DATE

ILMEI


